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1.0 INTRODUCTION AND SUMMARY 


During the past twelve months, NASA conducted a comprehensive analysis of 
the potentied applications and need for a Landsat-D mission. Ail sectors of 
the user community, including federal agencies, state, regional and local 
governments, and private industry, participated in evaluating the needs for 
and benefits to be derived from a continuing Landsat program. In addition, 
the commercial suppliers of Landsat-related equipment and services were 
asked to address the questions of present and future markets and the possible 
effects on projected sales assuming various decisions related to a continuing 
program. 

NASA's efforts to obtain the views of the public and private sectors were 
extensive, and included: (1) contracted surveys and studies of user needs and 
evaluations of possible Landsat system characteristics; (2) personal contacts 
with users including phone calls, visits, and briefings; (3) confidential Landsat 
data and equipment suppliers market survey; (4) presentations at various 
symposia; (5) an open briefing concerning Landsat-D possibilities to industrial 
suppliers; and (6) the establishment of a Federal Interagency Decision Team 
composed of Assistant Secretaries/ Administrators of U.S. Departments of the 
Interior (USDI), Agriculture (USDA), Commerce (USDC), Army Corps of 
Engineers (COE), Agency for International Development (AID), and NASA. 
These efforts resulted in formal documentation in the form of reports, 
letters, interview notes, and minutes of meetings, which constitute the users' 
views of Landsat technology and the value of a continuing program such as 
would be provided by the proposed Landsat-D system. 

It was the consensus of all users that the Federal Government has developed a 
technology that has the potential to provide widespread societal and eco- 
nomic benefits at a time when resource scarcities and management practices 
are paramount on the list of growing national concerns. There was also 
consensus that the Federal Government should guarantee a Landsat data 
source in the future and that the overall benefits to the nation exceed the 
cost. 

State, regional, and local governments generally stated that the data should 
be considered in the same context as census, cartographic, and meteorologi- 
cal data which are provided to the public as a service by the Federal 
Government. Both the National Governors Conference and the National 
Conference of State Legislatures resolved that NASA should develop the 
Landsat-D system as proposed. The system as proposed by NASA was 
considered responsive to state needs. The improved capabilities of the 
Thematic Mapper was of utmost importance to land inventory applications, 
particularly in the urban setting, enabling the extraction of increasingly 
detailed information concerning a greater number of land categories. In 
addition, the state users stated that the Federal Government should make a 
firm commitment to insure the operational status of the Landsat system and 
to develop a systematic and effective technology transfer process to include 
user assistance and training. It is significant that the states felt it was also 
their responsibility to share in the overall costs of developing the technology 
transfer process and adopting Landsat as an operational data source. 



The private industrial suppliers of Landsat-related equipment and services 
projected a $1B-$^B market over the next 10 years for products and services 
directly associated with Landsat data reception and analysis, excluding satel- 
lite hardware. It was pointed out that the corporate taxes alone on the 
profits generated through these sales may help to repay a portion of the 
government's cost for Landsat-D. Some of the larger companies have already 
invested a few million dollars in market development. All of the companies 
are reluctant to more aggressively pursue the market because of the risk 
caused by the uncertainty of a continuous data source. This "uncertainty" has 
contributed to fragmenting the marketplace. Users need assurance of a 
continuous data source before they will make financial commitments; 
industry wants to reduce its risk and to have a growth market before it will 
make front-end investments. The industrial suppliers further stated that a 
decision now by the Federal Government to provide a data source only 
through 1983 would moderately reduce their projected market, and that a 
three year disruption in the source of data (1980-1983) would reduce their 
sales by 70-90%. 

The private users in the mineral and petroleum industries unanimously agreed 
that Landsat-D would greatly increase their efficiency in locating valuable 
new deposits and would significantly reduce their costs for geological and 
geophysical exploration. It was further concluded that the benefits to the 
petroleum and mineral industries most probably will be in the multi-millions 
of dollars per year. It is apparent, however, that these benefits will be more 
quantitatively determined as their research continues through the Landsat-C 
time period. The timber industry identified some potential benefits in forest 
inventory and overall resource management, but generally felt that more 
research and development was needed before they would commit to the 
operational use of Landsat data. The greater resolution provided by the 
Thematic Mapper is a must for both the timber industry and the mineral and 
petroleum industries. The increased spectral sensitivity and coverage of the 
Thematic Mapper was also considered critical in order to accurately 
discriminate timber species, some rock types, and surface artifacts. A re- 
petitive and systematic information data base was a major requirement. 

The federal user community's views were expressed through the Interagency 
Decision Team (IDT). The IDT strongly supported Landsat-D to provide 
sufficient time to conduct a test to determine its operational utility and 
system effectiveness. Federai agencies are already expending considerable 
effort to experiment with the use of Landsat data to better conduct their 
missions, and some have entered into demonstration and transfer projects to 
develop sufficient information to warrant a go/no go decision to adopt 
Landsat remote sensing technology operationally. The IDT recommended in a 
signed statement that NASA be given approval in its FY 1978 budget to 
develop the Landsat-D system as proposed. 

In summary, the user communities identified in this report strongly support a 
Landsat-D system. They conclude that the Federal Government has already 
demonstrated the potential benefits to both public and private sectors from 
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the use of Landsat data and has stimulated enthusiasm throughout the world 
for what Landsat can provide in the future. Even U.S. foreign relations have 
benefited from Landsat as is evidenced by AID'S active involvement in 
Landsat technology. International lending institutions use Landsat routinely 
to assist base mapping, resource development, and construction efforts. With 
this background and the strong support for Landsat-D as evidenced by letters 
and reports from all sectors of the user community, it is NASA's conclusion 
that overwhelming user support exists for the Landsat-D program in the FY 
1978 budget . 

The remainder of this summary report provides a synopsis of the opinions of 
the major user communities; (a) federal, (b) state, regional and local, and 
(c) private industry, relative to the need for, and value of an improved 
Landsat-D system. Each of these user groups is summarized by sector in 
terms of its demand for Landsat data, present and potential applications, 
need for and impact of an improved satellite capability represented by 
Landsat-D, and a general evaluation of the benefits accrued to each group as 
a result of Landsat use. The interests of these three user sectors is also 
presented on a multisector /application basis in a brief summary of the studies 
performed by the Application Survey Groups (ASG's) and the survey 
completed by the Battelle Columbus Laboratories. In addition, a brief 
discussion concerning the rapidly growing interest and use of Landsat in 
foreign nations is provided. 

The summary report is followed by a detailed Reference Section of Landsat 
Users . This section contains the various letters, resolutions and other 
statements made by user organizations in expression of their opinion 
concerning the Landsat program. References in the summary report, e.g.. 
Letter II-C (9-1), refer to individual user statements contained in the 
reference document. To avoid confusion, it is also important to emphasize 
that any underlining of quoted statemen ts is t hat of the individual quoted and 
not the author of this document. 
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2.0 FEDERAL USERS 


One of the most important user elements in the Landsat earth resources 
satellite program is the federal sector. Aside from the acquisition of satel- 
lite data, which has been the responsibility of NASA and the U.S. Geological 
Survey, up to this point, executive agencies are extremely interested in 
Landsat data to serve their own information needs and to provide data to 
their constituencies. 

In order to cooperatively identify and resolve issues relating to the develop- 
ment of future earth resources satellites, an Interagency Decision Team (IDT) 
was established consisting of NASA, the Departments of Agriculture, 
Commerce and the Interior, the Corps of Engineers and the Agency for Inter- 
national Development. Each agency was represented at the Administrator or 
Assistant Secretary level. To support the IDT, a technical level Working 
Group was also formed. The IDT served on this basis to obtain and formally 
reference federal requirements for Landsat-D and to evaluate Landsat-D 
characteristics. 

The main purpose of the IDT was to consider the evolutionary direction of the 
earth resources satellite program and to recommend the next step to be 
taken. The IDT felt that by the end of the useful life of Landsat-C (about 
1980), sufficient demonstration and verification of Landsat-derived benefits 
would have accrued to warrant a test of an operational system. While none of 
the agencies are currently ready to commit to operational use of Landsat 
data, there was consensus that the government should conduct a three-to-six 
year validation test of a system which would have the major elements 
anticipated for any fully operational capability of the future. 

The IDT addressed three major issues in considering its recommendations for 
the earth resources satellite program after Landsat-C: 

(1) Federal User Agency Requirements for Landsat Data - Each agency was 
asked to identify its current and future needs for satellite data. 

(2) Technical Characteristics - The IDT Working Group and the IDT re- 
viewed alternative proposals for satellites, sensors, and ground systems 
which would best meet those needs identified. 

(3) Policy Considerations - Most of the IDT's work addressed the roles and 
responsibilities of the respective agencies in the program and other 
policy questions such as the pricing structure for the data and 
opportunities for commercial involvement in the data processing sys- 
tem. 

The positions of the IDT-member agencies are summarized below. This 
material summarizes the discussion and documentation which was incor- 
porated in the minutes of the IDT and IDT Working Group meetings. 



2.1 Agency for International Development - AID carries out the U.S. 
foreign aid program and, in recent years, has placed heavy emphasis on 
providing scientific and technical assistance to its client countries. Be- 
cause of the growing international interest in the Landsat program, AID 
strongly supports its continuation and expansion. AID'S main concern, 
as expressed In the IDT, is that any future Landsat systems be com- 
patible with the current one so that those foreign nations who are 
building or operating ground stations will not be forced to invest a 
major amount of additional funds. Accordingly, AID supported the 
continued use of a Landsat-C-type Multispectral Scanner and an as- 
sociated telemetry and data handling system. AID is also concerned 
that there is continuity of these data so that foreign ground stations 
continue to receive revenues. The Administrator of AID urged that an 
early decision be made on the commitment to an operational program so 
that foreign nations can rely on long term availability of Landsat data. 
AID does desire the higher resolution Thematic Mapper data to evaluate 
its utility for mapping agricultural assessments and other uses. 

2.2 Department of Agriculture The USDA is potentially the most important 
federal user of Landsat data because of the possible economic benefits 
to the nation from improved Information on global agriculture. The 
results of the Large Area Crop Inventory Experiment (LACIE) have 
indicated that crop forecasting based on satellite data could be a 
cost/effective method for obtaining worldwide agricultural information. 
USDA reported to the IDT that it had identified approximately 250 
departmental information requirements for Landsat data for both the 
current and proposed sensors. While existing Landsat data is adequate 
for wheat inventories in North America and the USSR, improved 
resolution is needed for fields in India, China, and other countries and to 
measure other major crops. In addition to crop forecasting, _the Forest 
Service, Agricultural Research Service (Letter lA), Statistical 
Reporting Service and Soil Conservation Service are all using Landsat 
data and want to experiment with the Thematic Mapper. 

For many applications, USDA would find useful to have a nine day 
coverage capability (2 satellites in orbit) to increase the likelihood of 
obtaining cloud free data. However, this was not identified as a critical 
requirement particularly if the 18-day coverage requirement is met. 

USDA is very concerned about continuity of Landsat data. It is possible 
that a satellite-based global wheat inventory system could be operating 
by 1980. Investment in such a system would only be approved If there 
was reasonable certainty of continuous data availability. 

USDA also specified a need for improvements in the ground data hand- 
ling facilities so that digital or photographic products, are provided 
within five days of acquisition. USDA's own data distribution facility at 
Salt Lake City would continue to provide Landsat data products to the 
public. 
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2.3 Department of Commerce - The National Oceanic and Atmospheric 
Administration (NOAA) will continue to use Landsat data primarily as a 
research tool. NOAA is interested in using Landsat for studies of 
coastal processes and shoreline measurements, flood assessments, 
environmental effects of petroleum and mineral exploration in the outer 
continental shelf and for snow cover estimations. In addition, the 
Census Bureau is very interested in using satellite imagery to delineate 
urban boundaries as an aid to its census surveys. The Census Bureau 
believes that the 30-meter resolution Thematic Mapper data will 
greatly contribute to this capability. 

2.4 U.S. Army Corps of Engineers - The Corps plans to continue its ex- 
tensive use of Landsat data and feels that the increased spatial and 
spectral resolution of the Thematic Mapper will better serve its needs 
than the current Multispectrai Scanner. The Corps is considering the 
possibility of having its own digital processing system to take Landsat 
data directly from the acquisition facility and process it into useful 
products. 

The Corps plans to use Landsat data increasingly as a decision making 
tool; it will establish regional service bureaus to assist local districts. 
Among the applications cited by the Corps are: 

o Hydrology 

Surface water and snowmelt/runoff estimation 

Environmental Assessments 

Flood plain and inundation assessment 

o Construction 

Geological studies 
Cultural features 
Soil Surveys 

o Coastal Studies 

Bottom features near harbors and inlets 
Sediment transport 

o Regulatory function 

Wetlands monitoring 

2.5 Department of the Interior - The Department of the Interior has a 
major interest in Landsat because of its vast resource management 
responsibilities. Interior has been evaluating Landsat's utility for strip 
mine monitoring, wildlife habitat monitoring (Letter IB ), rangeland 
assessments, land use planning and for environmental baseline assess- 
ments for energy development. Interior strongly favors continued use 
of the Multispectrai Scanner for most of these studies at least until the 
Thematic Mapper is completely proven. 
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The Department of the Interior has been especially concerned about its 
continued responsibility for data dissemination to the public; this 
includes reproduction, archiving, and distribution of the data, along with 
training and assistance for the users. The IDT worked out solutions to a 
number of problems associated with the increased data load from the 
Thematic Mapper on Interior's Sioux Falls facility. 

Interior supports the view, adopted by the IDT, that long term operating 
costs of the Landsat program must be offset by revenues from data 
sales. This will necessitate a substantial increase in data prices. The 
IDT also agreed that opportunities for commercialization of the data 
distribution function should be explored so that, if appropriate, 
government could move out of this area and let private industry develop 
it. 

Aside from the IDT-member organizations, several federal agencies 
have used or plan to use Landsat data for a variety of purposes. The 
Defense Mapping Agency has already used Landsat imagery to update 
hydrographic charts and is extremely interested in the additional spec- 
tral bands of the Thematic Mapper which will aid in shallow water 
bathymetry. The Environmental Protection Agency has experimented 
with remote sensing for various environmental monitoring tasks. Ac- 
cording to an EPA news release (76-24), "muitispectral scanning is now 
regarded as a technique offering great potential for lake nutrient 
surveillance." EPA also wants to experiment with Thematic Mapper 
data for monitoring ocean dumping and other sources of pollution. 

Other agencies who may use Landsat are the Federal Highway Ad- 
ministration, for engineering geology; the Energy Research and De- 
velopment Administration, for geologic studies, mineral exploration and 
thermal effluent monitoring; the Department of Justice, for sur- 
veillance of illegally grown drugs; and the Tennessee Valley Authority, 
for general land use and hydrologic studies. 
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3-0 STATE, REGIONAL AND LOCAL USERS 


3.1 Approach 

There were three major activities directed toward identifying and 
evaluating the present and potential applications and benefits, as well 
as the need for an improved Landsat-D program in the state, regional 
and local user community. They consisted of the following: 

o Evaluation by the Nationed Conference of State Legislatures 
(NCSL) of the value of an improved Landsat program in satisfying 
the legislative and programmatic information requirements of 
state government. 

o Evaluation of the perceived value of the present and proposed 
Landsat program to state needs through personal contact with 
resource mangers in numerous user organizations including multi- 
state regional groups, individual states and substate entities such 
as regional, county and city governments. 

o Evaluation by Washington University of the required capabilities 
of Landsat-D to meet state data needs which could possibly not be 
met by the Landsat I and II capabilities. 

These activities were designed to obtain a factual assessment from the users' 
perspective. This section summarizes the results of this assessment on the 
basis of the following: (a) states' data demand; (b) key Landsat experience 

and applications; (c).need for and impact of improved capabilities; and 
(d) benefits derived from the use of Landsat data by the states. 

3.2 Data Demand 


In recent years, both state and federal legislation have increased the 
authority and responsibility of state governments for management of 
natural resources and land use. In many areas, states are taking the 
initiative in developing an active role by the creation of policy and 
programs for land, environmental and resource management. The 
aggregate results of the legislative trends is significant in that it places 
the prime responsibility for decision-making relative to the nation's 
environment, natural resources and land planning squarely on the states 
(see for example the list of current and pending legislation in Tables 3-1 
and 3-2). 

To successfully execute these responsibilities, states require 
increasingly large and diversified quantities of data on a recurring basis. 
Presently available information does not satisfy these growing needs 
and conventioncd data collection techniques are often too costly (see 
Letters II-C (17-2) and II-B (1)). 
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3-1 


LEGISLATIVE AND PROGRAMMATIC IMPETUS 



FEDERAL LEGISLATION/PROGRAtlS (FUNDING $ MILLIONS) 

• ilUD 701 COMPREHENSIVE PLANNING ASSISTANCE PROGRAM - 1968 175 (FY 75 & 76) 

/ • EPA 203 AREAMIDE PLANNING AND WASTE TREATMENT - 1972 203 ( " " ) 

• COASTAL ZONE MANAGEllENT (CZM) ACT - 1972 38 ( " " ) 

9 LAND AND WATER CONSERVATION ACT - 1965 176 (FY 76) 

• PUBLIC WORKS AND ECONOMIC DEVELOPMENT ACT - 1965 120 ( " ) 

• APPALACHIAN REGIONAL DEVELOPMENT ACT - 1965 200 ( " ) 

• WATER POLLUTION CONTROL ACT - 1972 65 ( " ) 


• WATER RESOURCES PLANNING ACT (ESTABLISHMENT OF RIVER BASH! COMMISSION) - 1965 

• NATIONAL ENVIRONIENTAL POLICY ACT (NEPA) - 1969 

• HUD FLOOD INSURANCE PROGRAM - 1968 

• FOREST AND RANGELAND RENEWABLE RESOURCES PLANNING ACT - 1974 

• ASSISTANCE FUND FOR COASTAL IMPACT OF OIL AND GAS DEVELOPMENT IN OUTER CONTINENTAL SHELF - 1976 

• NATIONAL DAM INSPECTION PROGRAII - 1972 

• SOLID WASTE UTILIZATION AND MANAGEMENT ACT - 1976 

• CLEAN AIR ACT - 1970 

• RURAL DEVELOPMENT ACT - 1972 

• WATER RESOURCES DEVELOPMENT ACT - 1974 


STATE LEGISLATION /PROGRAMS 

• LAND USE AND ENVIRONMENT RELATED 

- COMPREHENSIVE LAND USE PINNING (21 STATES— e.g, OREGON LAND CONSERVATION AND DEVELOPMENT ACT) 

- COASTAL ZONE MANAGEMENT (15 STATES— e.g. , CALIFORNIA COASTAL ZONE CONSERVATION ACT) 

- SURFACE MINING (32 STATES— e.g. , NEW YORK STATE MINED LAND RECLAMATION ACT) 

- CRITICAL AREAS DESIGNATION (10 STATES— e.g., MINNESOTA CRITICAL AREAS ACT) 

- POWER PLANT SITING (29 STATES— e.g., MARYLAND POWER PLANT SITING ACT) 




RESOURCE MANAGEMENT 
FORESTRY 

- WATER RESOURCES 

- AGRICULTURE 

^ FISH AND WILDLIFE 



LONG STAl^IDING STATE LEGISLATION 



TABLE 3-2 


PENDING FEDERAL LEGISLATION 

• ENERGY FACILITIES PLANNING AND DEVELOPMENT ACT 

• LAND RESOURCES PLANNING ASSISTANT ACT 

• LAND USE AND RESOURCE CONSERVATION ACT 

• STATE AND LOCAL GOVERNMENT FISCAL ASSISTANCE RENEWAL 

• NATIONAL FOREST MANAGEMENT ACT 

• FEDERAL COAL LEASING AMENDMENTS ACT 

• CLEAN AIR ACT AMENDMENTS 

• AMENDMENT OF COASTAL ZONE MANAGEMENT ACT TO STUDY IMPACT OF ENERGY 
RESOURCE DEVELOPMENT 

• SURFACE MINING CONTROL AND RECLAMATION 

• OUTER CONTINENTAL SHELF LAND ACT AMENDMENTS AND MANAGEMENT ACT 

• SOLID WASTE DISPOSAL ACT AMENDMENTS 

• SOLID WASTE ENERGY AND RESOURCE RECOVERY ACT 


WATER POLLUTION CONTROL ACT AMENDMENTS 



It is the judgement of state resource managers that Landsat is an im- 
portant tool in satisfying this new and heavy data demand, and in many 
cases, is uniquely capable to obtain the data coverage required to carry 
out the intent of the legislation. This judgement is reflected in the 
following statement in the NCSL Final Report, identifying a prime 
legislative use of remote sensing (Landsat) as: 

" - - - a means of collecting data for programs whose data 
requirements have gone unmet due to accessibility, cost or time 
constraints." 

This capability of Landsat in meeting current user needs is also 
emphasized in the following statement made by Mr. Ted Haines from 
the Southwestern Illinois Regional Planning Commission during the 
NCSL Task Force Hearings on Landsat: 

"Landsat is the only method which is timely, inexpensive and 
fulfills the federal requirements which now confront {the regional 
planning commissions)" 

3.3 Key Landsat Experience 

The public sector considers Landsat as an important new technology 
that is presently, and will continue to make significant contributions to 
the information base required to satisfy legisiation and improved 
resource management goals. This consensus is based on nearly four 
years of involvement by a variety of state, regional and local 
government agencies in the research and development, and application 
of Landsat derived information to their program requirements. As a 
result of this experience, these users believe that Landsat provides a 
necessary tool to address present and future problems in a cost 
effective, comprehensive, timely “and accurate manner- see Letters II-C 
(12-1), II-C (17-2) and II-B (1). 

The most important and widespread Landsat application was found to be 
the generation of land cover inventory data which are integrated and 
combined with supplemental information such as economic, 
demographic and ownership data to develop a geobased resource 
information system. The use of Landsat data as a compatible and easily 
updated component of an information system and as an input to 
computer modeling was found to be a rapidly developing tool for 
resources management and land use planning. Most of these developing 
uses are based upon the increasing information needs of legislation, the 
lack of existing data and the high costs and limitations of conventional 
techniques. As an example. North Dakota is developing the Regional 
Environmental Assessment Program (REAP) in response to a legislative 
mandate to provide an environmental baseline against which to measure 
the impact of increased coai mining in the state. The following 
statements by Dr. A. William 3ohnson, Director of REAP typifies much 
of the present and future directions and activities in state resource 
management (Letter II-C (14-1)). 
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"Within the last two months the North Dakota Regional Environ- 
mental Assessment Program has made a major financial and 
programmatic commitment for the long-term utilization of 
LANDSAT information as a cornerstone of our geobased statewide 
environmental assessment system. " 

"Specifically, we now have in force $1.2 million worth of 
contracts with a variety of organizations for the acquisition and 
gathering together of baseline data in the general subject areas of 
air quality-meteorology, animals, geology, historic-archaeologic- 
paleontologic sites, land cover ancilysis, social impact, socio- 
economic impact, soils, vegetation, and water. One of these 
contracts, totaling approximately $1^0,000 is for a complete land 
cover analysis of the State of North Dakota using 1974 and 1975 
LANDSAT imagery." 

The states of Texas, South Dakota, Georgia and Ohio are several 
additional examples of states which are using Landsat as a key source 
for information system development. 

Nearly all the state users define the basic value of Landsat as its capa- 
bility to view and inventory surface cover on a recurring basis. This 
land cover information is being utilized in nine basic program areas. 
These nine program areas are delineated below along with examples of 
Landsat applications and some using organizations as references. 

(1) Land Use Planning, Management and Development 

o Inventory of statewide and regional land cover and 
monitoring of change 

North Dakota Regional Environmental Assessment 
Program (REAP) - Letter II-C (14-1) 

South Dakota Planning Bureau - Letter II-C (17-2) - 
Ohio Environmental Protection Agency and Depart- 
ment of Natural Resources - Letter II-C (15-2) and 
(15-3) 

o Site and route selection 

Tennessee Valley Authority - Letter II-B (3) 

North Dakota REAP (in concert with Basin Electric 
Power cooperative) - Letter II-C (14-1) 

o Monitoring of urban land use and of urban fringe growth 

Los Angeles County Department of Regional Planning 
- Letter II-D (4-1) 

Ada County Government, Idaho (emphasis on vacant 
lands) - Letter II-B (2) 
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o Development of multidisciplinary data base for land 
capability /suitability analysis 

Hawaii Department of Planning and Economic Devel- 
opment - Letter II-C (8-2) - Tennessee Valley 
Authority - Letter II-B (3) 

(2) Critical Areas Management 

o Delimitation of saltwater and freshwater species of plant 
life for wetlands identification 

Georgia Bureau of Planning and Budget, and Depart- 
ment of Natural Resources - Letter II-C (7-1) 

Louisiana Department of Highways - Letter II-C (11-2) 
from Louisiana Executive Department 

o Coastal zone management to include inventory of coastal 
resources, potential land uses, change monitoring and 
identification of endangered environments 

Texas General Land Office - presentation at NCSL 
hearing on Landsat 

Georgia Department of Natural Resources - Letter II- 
C (7-2) 

o Detection of erosion of coastal areas, littoral current flows, 
saltwater intrusion 

Louisiana Water Resources Research Institute - Letter 
II-C (11-7) 

Alabama Geological Survey - Report II-C (1-3) 

(3) Environmental Monitoring 

o Delimitation of land cover and identification of non-point 
sources of potential pollution for the Environmental 
Protection Agency Section 208-Areawide Waste Treatment 
Program 

Ohio Department of Environmental Protection - Letter 
II-C (15-2) 

Georgia Water Protection Division, Department of 
Natural Resources - Letter II-C (7-2) 
Ohlo-Kentucky-Idaho (OKI) Regional Council of 
Governments (see page 53 - Final NCSL Report on 
State Use of Satellite Remote Sensing, August 25, 
1976. 
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o Monitoring of environmental impacts of development, e.g., 
increased water sediment load 

Georgia Department of Natural Resources - Letter II- 
C (7-2) 

o. Evidence in legal suit to protect natural environment and 
water supply 

Florida Office of the Attorney General - Letter II-C 
( 6 -^) 

o Selection of sanitory landfill sites for solid waste disposal 

Georgia Land Protection Division, Department of 
Natural Resources - Letter Il-C (7-2) 

o Land reclamation from various disruptive uses 

Maryland Geological Survey, Department of Natural 
Resources - Letter II-C (12-2) 

o Monitoring of construction and operation of deepwater port 
and related onshore facilities to determine impact of 
pipeline construction and operation, e.g., saltwater 
intrusion, sheet flow interruption, subsidence and turbidity 

Louisiana Offshore Terminal Authority - Letter Il-C 
(11-4) 

(4) Energy Related Programs 

o Inventory of strip mined lands 

Maryland Geological Survey, Department of Natural 
Resources - Letter II-C (12-2) 

Missouri Geological Survey, Department of Natural 
Resources - Letter II-C (13-1) 

o Geologic mapping to include tectonic boundaries, lithologic 
contacts, foliation trends, topographic lineaments and faults 

Alabama Geological Survey - Letter II-C (1-3) 

Georgia Department of Natural Resources - Letter II- 
■ C(7-2) 



o Broaden effectiveness of mineral exploration 


Missouri Department of Natural Resources - Letter II- 
C(13-l) 

(5) Water Resources Management 

o Detection and mapping of surface water and impoundments 

Texas Water Rights Commission - Letter II-C (19-1) 
Wisconsin Department of Natural Resources - Letter 
II-C (23-1) 

o Flood plain mapping and flooded area assessment 

North Dakota Water Commission (visit with Mr. LeRoy 
Klaphrocht, Water Commission) 

Louisiana State Planning Office - Letter II-C (11-3) 

o Monitoring of irrigated lands and assessment of water needs 

Idaho Department of Water Resources - Letter II— C (9- 

1 ) 


Oregon Department of Water Resources - Letter II-C 
(16-1) 

o Interpretation of groundwater hydrology 

Alabama Geological. Survey - Letter II-C (1-5) 

Georgia Department of Natural Resources - Letter II- 
C (7-2) 

o Mapping of vegetation habitats for purposes of watershed 
protection and flood prevention 

Georgia Department of Natural Resources - Letter II- 
C (7-2) 

o River and drainage basin inventories 

Missouri Department of Conservation - Letter II-C 
(13-1) 

North Dakota Water Commission (visit with LeRoy 
Klaphrocht Water Commission) 

o Analysis of lake eutrophication trends 

Wisconsin Department of Natural Resources - Letter 
II-C (23-1) 
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(6) Forestry Management 


o Inventory of forest reserves, estimate of timber production, 
detection of diseased stands, and monitoring of forest 
practices 

Washington^ State Department of Natural Resources - 
Letter II-B (2) 

Alabama Development Office - Letter II-C (1-3) 

(7) Fish and Wildlife 


o Determination of suitable lands for wildlife habitat 
assessment 

Oregon Department of Fish and Wildlife - Letter II-B 

( 2 ) 

Texas Parks and Wildlife {visit with Sam McCullough, 
Texas Natural Resources Information System) 

(8) Agricultural Monitoring 

o Monitoring location and spread of infestation 

Oregon Department of Agriculture - Letter II-B (2) 

o Generalized soil association mapping, salinity detection 

Missouri Department of Natural Resources - Letter II- 
C (13-1) 

Kern County Water Agency, California - Letter II-D 
(3-1) 

o Soils/land capability mapping for tax assessment 

South Dakota State Planning Bureau with Remote 
Sensing Institute of South Dakota (visit with 
Paul Tessar, South Dakota State Planning Bureau) 

(9) Transportation Facilities Planning 

o Delineation of lineaments and faults for geologic 
substructure evaluation and sinkhole detection 


Florida Department of Transportation - Letter II-C (6- 
13) 


o Evaluation of water blockage resulting from highway 
construction leading to removal of impediments .to free 
water exchange 

Louisiana Department of Highways - Letter II-C (1 1-5) 
Florida Department of Transportation - Letter II-C 
(6-13) 

o Provision of uf>-to-date indicators of land use changes 

Florida Department of Transportation - Letter II-C (6- 
13) 

3.4 Need For and Impact Of Improved Capability 

In assessing the need for improved capabilities such as those represented by 
Landsat-D, the state user community evaluated three different aspects of the 
Landsat program; (1) data distribution system; (2) technology transfer 
activities; and (3) the technical system performance characteristics of the 
Landsat system. In performing this analysis, the users emphasized that from 
a "real world" users’ point of view the Landsat program must be evaluated in 
its effectiveness as a total system from data acquisition to the development 
of a useful product. 

3.4.1 Data Distribution and Project Development System 

There were three basic improvement areas identified relating to data 
distribution and product development. The first and the one most often 
identified was the need for a commitment by the Federal Government 
to insure Landsat data continuity. The using state agencies have 
strictly operational characteristics and feel that they must be assured 
of the availability of data if they are to make significant investments 
and program adjustments to rely on Landsat as a continuing data source. 
This need is reflected by the following statement from the Southern 
Growth Policies Board - Letter II-B(l); 

"A commitment to data continuity represented by the Landsat 
Follow-on program would encourage resource managers and user 
agencies in the member states of the SGPB to have confidence in 
the duration of the Landsat program and result in an increased 
conversion to and use of Landsat data to meet their legislative 
and programmatic needs." 

The need for data continuity was also one of the prime conclusions of 
the Landsat program evaluation by the National Conference of State 
Legislatures (NCSL) as stated in the following recommendation from 
the NCSL Final Report; 
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"Congress should make a firm commitment to insure the 
operational status of the satellite-based data system . This 
commitment is necessary for states to be able to invest in the 
technology transfer steps necessary for statewide 'operational use' 
of this system. It would also assure the building of a continuous 
data base for monitoring and change detection purposes. " 

"The states should take the responsibility of providing some form 
of support for this system." 

It was continually emphasized by all the users contacted that the states 
will not make a significant investment in equipment and services unless 
they are assured that a continuous data source will be available. 

The second improvement area was the need for increased data time- 
liness and ease of access and availability. There needs to be more 
emphasis on improved and systematic communication to state users 
describing the quality as well as format of available Landsat data and 
the procedures necessary to obtain it. For example, a critical piece of 
information (presently unavailable) for the user purchasing Landsat data 
is the location of cloud cover within a Landsat scene in addition to the 
percent of the total frame it covers. The user needs to know whether 
or not his area of interest is cloud-free before he makes a decision to 
purchase Landsat data. 

The users also felt that the present time duration from data acquisition 
to receipt of data is excessive and intolerable for many applications, 
especially disaster monitoring. If a using organization is dependent on 
Landsat data for a regulatory monitoring function, it requires the most 
timely transmittal of information possible to implement corrective 
action. 

The third area of improvement identified is the need for development of \ 
low cost techniques, equipments and standardized final products for j 
state use. If additional emphasis was placed on low-cost development, i 
an increased breadth of users would be able to utilize Landsat. It is the \ 
users' opinion that the aggregation of the benefits resulting from the 
additional use of Landsat by these "low budget" organizations would be 
significant. The NCSL Final Report emphasized the need for further 
development of the low-cost approach in its final recommendations as 
follows: 

"Both the private sector and universities should be encouraged to 
attempt development of effective inexpensive data products for 
state use. However, (federal) funding for the research and 
development of such products should be funneled through the 
states to insure the development of products most useful to state 
needs. " 
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3.4.2 Technology Transfer- 


There is a unanimous feeling among state users that a strong federal 
commitment to a systematic and on-going technology transfer process 
is crucial to enhance market development and to increase the use of 
Landsat data among the states. Presently, it is felt that the federal 
efforts to assist states to use Landsat data and to train them in the 
operational applications are too meager. States also voiced their 
concern about the credibility of private industry to provide user 
assistance. It was felt that presently the majority of states lack the 
technical expertise needed to evaluate the capabilities of private 
industry and effectively monitor a contracted effort. The state users 
identified the creation of -regional user assistance programs, 
comprehensive training activities and widely distributed documentation 
concerning Landsat applications, available equipment, software and 
developed procedures as the key elements of the needed technology 
transfer effort. 

It was pointed out by many users that an increased emphasis on tech- 
nology transfer will result in a more knowledgeable community of users 
who, in turn, would have much greater probability of effectively 
demonstrating to state policy makers the value and benefits of 
incorporating Landsat into operational state programs. Without the 
development of a systematic technology transfer process, the 
intermediate step between research and development and operational 
use would still continue to be largely missing. From state users' 
perspective, the deveiopment of a systematic technology transfer effort 
would complete the full development cycle of the Landsat program and, 
in fact, make it a complete and more productive system. The require- 
ment for technology transfer is emphasized in the following recom- 
mendations from the NCSL Final Report; 

"For an effective technology transfer process, NASA, in its 
research and development role, should establish an organization of 
an operational, as opposed to developmental, nature to carry out 
this process. The transfer of technology, in this case, also 
requires the organized cooperation of an array of various 
institutions". 

"Regional user assistance centers should be established . These 
centers are not to exclude the development of state data centers 
which could perform a coordinate role with the regional centers 
for a 'funneling' effect. " 

3.4.3 Technical System Performance Characteristics 

The presently proposed technical capabilities of Landsat-D are the 
results of a series of requirements evaluations by various user groups 
during the last several years including the recent study by the 
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Committee on Remote Sensing Program for Earth Resources Survey of 
the National Research Council. As a result, this evaluation did not 
address the technical performance requirements in terms of the overall 
user requirements. Instead, it was directed towards determining the 
incremental value of the specific improvements in Landsat-D over the 
existing Landsat I and II systems to state programs. 

Numerous specific applications have been projected to uniquely benefit 
from the improved spectral and spatial capabilities of Landsat-D over 
Landsats I and II. These applications and referenced organizations are 
listed in Table 3-3. 

An evaluation of the user needs of over forty state agencies in the five 
state area consisting of Illinois, Iowa, Minnesota, Missouri and 
Wisconsin was performed by Washington University to determine the 
additional specific data items that the improved Landsat-D is capable 
of providing over the present Landsats I and II in selected application 
areas. A total of 5^ data items was identified in the 13 selected ap- 
plication areas which require the improved capabilities of Landsat-D. 
Table on the following page identifies the data items and corres- 
ponding applications. 

3.5 Benefits 


Landsat data normally benefit user organizations in two ways: (a) as a source 
of totally new and incremental information which existing sources are in- 
capable of providing, and/or (b) as a source of information which is a capable 
substitute for existing data sources resulting in a cost savings. 

3.5.1 Incremental Capabilities (New Benefits) 

The majority of organizations use Landsat because it enables them to 
"do new or additional" functions which otherwise would not be at- 
tempted with conventional techniques. It provides a new perspective 
and results in additional information which has a positive impact on the 
effectiveness of various organizations. Typically, the benefits resulting 
from the incremental capabilities of Landsat are not easily quantified. 
These capabilities and the associated benefits are described in the 
ensuing paragraphs. To provide a user's perspective of each Landsat 
capability, a user statement relating to the capability is also provided in 
selected cases, 

(a) In many applications, the availability of Landsat data with rea- 
sonable costs to the user provides state resource managers with 
the only feasible means to accomplish a required resource 
inventory. Without Landsat, the cost, time and manpower 
involved in the use of conventional techniques would be too 
prohibitive to permit implementation. 
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TABLE 3-3 


APPLICATIONS ENHANCED BY LANDSAT-D 


o Increased accuracy in boundary delineation, land category identification and 
discrimination in broad land use determination - Southern Growth Policies 
Board - Letter II-B (1) 

o Improved pinpointing development problems in settings where ownerships and 
land uses have a high degree of diversity - Tennessee Valley Authority - 
Letter II-B (3) 

0 Further breakdown of forest types by species rather than broad categories - 
Tennessee Valley Authority - Letter II-B (3) 

o Extraction of nearly all Level II land use categories (NCSL Final Report- 
p. ^3) 

o Detection of smaller and narrower water bodies, as well as smaller areas of 
irrigated land (NCSL Final Report - p. 52) 

o Improved urban applications - Atlanta Department of Budget and Planning - 
Letter II-D (1-1) 

o ■ Detection of thermal effluents and increased water quality analysis - 
Tennessee Valley Authority - Letter II-B (3) 

o Improved geologic mapping, ground water hydrology and materials compo- 
sition analysis - (NCSL Hearings on Landsat) 

o Improved wetlands mapping (NCSL Final Report - p. 48) 

o Increased water penetration capability in coastal zone management and 
inland water quality evaluation (NCSL Final Report - p. 49) 

o Improved accuracy in the recurring need to monitor shoreline erosion (NCSL 
Final Report - p. 50) 

o Improved route and site location in transportation facilities planning (NCSL 
Final Report - p. 50) 

0 Increased effectiveness of forest and crop disease detection, e.g., Southern 
Pine Beetle infestation (NCSL Final Report - p. 51) 

o Improve strip mining and reclamation responses - NCSL Final Report p. 53; - 
Maryland Department of Natural Resources - Letter II-C (12-2) 

o Improved evaluation of lake eutrophication condition through increased 
vegetative response and capability to penetrate water (NCSL Final Report - 
p. 54) 
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TABLE 3 -A 


PLAUSIBLE DATA ITEMS WHICH REQUIRE LANDSAT-D 
CAPABILITY IN AT LEAST ONE APPLICATION AREA 



0 LANDSAT-D REQUIRED 
* LANDS AT I OR II ADEQUATE 
+ SATELLITES INADEQUATE 


ORIGINAL ?A.GE IS 
OF POOR quality 

















































"An inventory of four million acres of Irrigated lands along 
the Snake River would be extremely useful to many 
organizations and agencies. Existing data is outdated and 
virtually unusable for current requirements. It would appear 
that the cost and time involved in a conventional survey 
would rule out a complete update. However, the staff of the 
Department of Water Resources believe that a survey based 
on Landsat data could be performed in a timely and cost 
effective manner. At least, those are the indications 
demonstrated through the project to date." (Governor 
Andrus, Idaho - Letter II - C (9-1)) 

(b) Because Landsat provides comprehensive coverage with relative 
economy, inherent flexibility, ease of use and availability, it often 
acts as a catalyst for states to develop comprehensive land 
Inventory and management programs. It is extremely important 
that Landsat provides data coverage to work with in areas where 
none was previously available. 

"The detailed, synoptic information produced has proven 
useful on a wide variety of land use and natureil resources 
planning and management tasks. It would not have been 
possible for us to complete either of these inventories if 
Landsat data had not been available." (Commissioner Bucks, 
South Dakota State Planning Bureau - Letter II - C (17-12)) 

(c) The repetitive coverage frequency of Landsat is a new and power- 
ful capability providing state users with a source of timely and 
current data which permits them to periodically and frequently 
monitor the changes occurring over time in a large geographical 
area. 


"Because our region is a part of the St. Louis Metropolitan 
Area, our need for more frequent monitoring is increasing 
beyond the frequency that other federal agencies (i.e., 
U.S.G.S., U.S.D.A.) can provide. Therefore, without con- 
tinuing the earth observations from Landsat we expect to 
incur increased costs with less efficient and timely data." 
(Mr. Theodore H. Mikesell, Executive Director, South- 
western Illinois Planning Commission - Letter II-D (8-11)) 

(d) In comparison to ground surveys and conventional aircraft cover- 
age, Landsat data provide a basis for relative standardization over 
extensive geographic areas. The data provide more consistent and 
standardized information for a common time period and with a 
common set of technical parameters. 

"I believe that perhaps the most important aspect of 
utilizing Landsat data is that information is obtained from a 
single source using the same criteria over the entire state 
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within a narrow span of time. This, as opposed to a myriad 
of sources working independently over long periods of time 
as in previous statewide inventories, has obvious advan- 
tages." (Mr. Robert W. Teater, Director, Ohio Department 
of Natural Resources - Letter II-C (15-3)) 

(e) The synoptic and repetitive Landsat data are uniquely suited to 
provide a frequent update of surface conditions and identify or 
pinpoint areas of rapid change or negative stress requiring 
additional analysis using more detailed survey techniques. 

"I believe that one excellent potential of these data is that 
changes in land use can be detected through updating of the 
information, various statistical information can be 
generated, and supplemental inputs can then be utilized for 
more detailed analysis of specific areas." (Mr. Robert W. 
Teater, Director, Ohio Department of Natural Resources - 
Letter II-C (15-3)) 

(f) The aggregation of new capabilities and information character- 
istics inherent in Landsat, e.g., its synoptic view and spectral 
manifestation of the environment, enable Landsat to extract new 
information which would have been impossible to acquire with 
conventional techniques or would have taken years to develop. 

"The Geological Survey of Alabama determined that a 
relationship existed between the location of the lineaments 
and the location of high yield springs and wells. This pro- 
vided a link between the data acquired by satellite and the 
conventionally derived information on water yields. This 
type of application is extremely important to the overall 
development of the State. It is impossible to place a dollar 
figure on this type of use. It identified the occurrence of 
geologic conditions that we did not know about before the 
satellite and it would most likely have been years, if ever, 
before this condition was discovered." (Mr. Walter 
Stevenson, Alabama Development Office - Letter II-C (1-3)) 

(g) The grid (pixel) based digital form of Landsat data enables a high 
degree of compatibility with computer implemented processing 
and geobased information systems. This capability permits 
Landsat to be easily integrated and analyzed in concert with other 
data for comprehensive natural resources planning and land 
capability/suitability evcduation. 

"The Tennessee Valley Authority has made a commitment to 
implement an operational earth resources information 
system which will enable TVA to efficiently utilize spatial 
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data for regional planning, siting, and assessment activities 
during the 1980's. An integral part of this system will be 
information derived from Landsat data." {Mr. 3ohn S. 
Barron, Assistant to General Manager TVA - Letter II-B (3)) 

3.5.2 Substitution Capabilities (Cost Savings) 

In addition to being a source of incremental information, state users 
identified Landsat data as a potential substitute for conventional tech- 
niques in applications where it provides a more economical and 
effective means. The estimates of cost savings involved in the use of 
Landsat as a substitute data source are presented in this section as 
results of the the following; (a) state Landsat expenditure and cost- 
effectiveness analyses; and (b) examples of cost-savings information 
presented as case profiles. 

3.5.2.1 State Expenditure and Cost-Effectiveness Analysis (Point Sample) 

A study was performed of the data collection activities and the use of 
Landsat data as part of these activities in three states. The objective 
of the study was to estimate; (a) the approximate dollar amount of the 
future state expenditures (FY 81) for Landsat data and related activities 
in a sample of states; and (b) the annueJ dollar benefit accrued to the 
states (beginning in FY 81) as a result of the increased efficiency/cost 
effectiveness associated with the use of Landsat data. The states of 
Georgia, South Dakota, and Texas were selected because they are a 
representative sample of the different levels in the progression toward 
adoption of Landsat by states as an operational and routine data source 
in their programs. The three states also represent diversity in 
geography, population, physical features, land use patterns and regional 
concerns, e.g., strip mining and coastal zone management. The results 
of the survey are presented in Table 3—5. The table shows the amount 
of funds expended on natural resources data collection activities and 
the funds spent on Landsat as one tool to accomplish some of this data 
collection in each of the three states. The funds expended on data 
collection and Landsat related activities in FY 76 was used as the 
baseline by the state resource managers to project their data collection 
expenditures for FY 81 (timeframe of launch of Landsat-D). 

As shown in Table 3-5, the states projected that the FY 76 expenditure 
of $54,765,000 being spent for data collection in the three states would 
increase to $75,932,000 (increase of 39 percent over FY 76) and that the 
1976 Landsat related expenditure of $436,000 would increase to 
$2,345,000 (increase of 438 percent over FY 76) by FY 81. 

The users in the three sampled states also generally agreed that if they 
were to acquire the identical information with conventional techniques 
in the FY 81 time frame that they are presently planning to obtain with 
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TABL£ 3-l> 


nARKET ANALYSIS 

(sample survey) 


FY 76 EXPENDITURES ($) FY 81 PROJECTIONS (S) 



DATA* 

COLLECTION 

LANDSAT** 

REUTED 

DATA 

COLLECTION 

LANDSAT** 

related 

GEORGIA 

U,06O,CO0 

oo.mo 

15,725,000 

1,055,000 

S. DAKOTA 


178,003 

5,420,000 

415,00) 

TEXAS 

3.81b,UU0 

B8,003 

54,787,000 

873,000 

TOTALS 

$34,705,000 

$433,000 

$75,932,000 

$2,345,000*** 


^NATURAL RESOURCES DATA COLLECTION EXPENDITURES 

**INCLUDES EXPENDITURES FOR MANPOV'/ER^ DATA ACQUISITION^ COMPUTER COSTS^ TRAINING AND EQUIRtNT 
"""^TOTAL LANDSAT RELATED MARKET FOR THE 3 STATES PROJECTED IN FY 81 



Landsat, it would require a five fold increase in costs (over the cost of 
using Landsat), This would result in a 16 percent increase in the total 
.estimated data collection costs for FY 81 or annual dollar benefit to the 
three states alone of about $9M. The $9M represents the approximate 
savings to the three states in efficiency resulting from the use of 
Landsat. 

3.5.2.2 Cost Savings Case Profiles 

Many users have compared the costs involved in using Landsat 
data with conventional techniques to accomplish their program 
functions. These comparisons are presented in the following case 
profiles as another indicator of the cost-effective use of Landsat: 

Case 1: NCSL Final Report on State Use of Remote 

Sensing, p. 47. • 

To acquire land use/land cover data at Level 1 detail, the 
following cost comparison between the use of aircraft and 
Landsat data were obtained from 5 sources; 

COST/SQUARE MILE 

ABC D E 

Aircraft — $3.59 $.48 $4.94 — $4.88-$5.11 

Landsat-— $1.52 $.13 $.79-.$.23 $.91 $.35-$.42 

Case 2; Provided by Governor Straub, State of Washington, 
State Cochairman and Mr. 3ack O. Padrick, Federal 
Cochairman, Pacific Northwest Regional Commission 
Letter II-B (2). 


"For example, the Washington State Department of Natural 
Resources is utilizing Landsat data for a Western 
Washington Forest Inventory (10 million acres). While this 
inventory could have been accomplished by standard 
methods within two years at an estimated cost of $2.0 
million, the current estimates indicate that using Landsat 
data will allow a comparable Inventory to be completed in 
one year at a cost of approximately $200,000." 

"A recent survey to update available data on the location 
and extent of vacant lands in the City of Boise involved 
$70,000 using current methods. The same survey was ac- 
complished using Landsat data in one man-month as com- 
pared to 15 man-years using current methods. Comparison 
of results from the two approaches was within 98% 
accuracy." 
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Case 3; Provided by Commissioner Dan R« Bucks, South 
Dakota State Planning Bureau - Letter Il-C (17-2). 

"As a point of reference, our Level 1 analysis, completed in 
less than 6 months, cost less than $5000, excluding only 
postage costs for the distribution of over 3,000 copies. 
Using the highest altitude aircraft available commercially 
and the smallest scale imagery obtainable, data acquisition 
costs alone would have been well over $200,000." 

Case 4t Provided by Mr. Oames A. Duerk, Director, Ohio 
Department of Economic and Community Development - 
Letter - 11-C g5-»). 

"A 1965 land use inventory cost $191,000, or roughly $310,000 
in 1975 dollars, and took two years to produce from data 
ranging seven years apart. The present inventory is ex- 
pected to cost approximately $115,000 and take one year to 
prepare” 
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4.0 


PRIVATE SECTOR 


4.1 Landsat-D Industrial Users Perspective 

The user sector that has progressed the most in terms of routine use of 
Landsat is the mineral and petroleum industry. However, the range of 
industrial users extends from individual entrepreneurs to major 
construction corporations. All have one thing in common: their 

ultimate commitment to Landsat will depend on its profitability. 

a. Mineral and Petroleum 

In order to fully understand the current and potential value of 
Landsat data, extensive discussions were held with major firms in 
this field. The following contacts were made: 

On-Site Visits 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


Burham Oil (Aminoil) 
Chevron 
Cities Services 
Continental Oil 
Exxon Research 
Gulf Research 
Halbouty Alaska Oil 
NL Industries 
Santa Fe International 
Superior Oil 
Trollinger Geo. Assoc. 


Telephone Discussions 

o Mobil 

o Shell 

o Texaco 

o Geosat Committee 


Contacts were made at highest possible management levels, but in 
all cases involved someone who had knowledge of the company's 
toted use of satellite data and its relative value. Each company 
was apprised of NASA's concept of a Landsat-D mission. Each 
company was asked to submit, in whatever degree of detail it was 
willing to supply, a description of how the current Landsat system 
was being used, the limitations experienced, and the value 
derived. In addition, each was asked to submit the company's 
evaluation of all desired parameters for the Landsat-D program. 
To varying degrees, each contact did contribute position papers or 
verbal input. 
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The major use of current Landsat data in the petroleum and 
minercd industry is for reconnaissance mapping. Because of its 
synoptic view of earth, Landsat data is being used as the base onto 
which more detailed information is imposed. As a result, Landsat 
data is apparently making a positive contribution throughout the 
exploration process, and not just in general geological mapping 
where it represents a major tool. 

Usage of Landsat data is industry-wide. This includes operational 
usage (best represented by Superior Oil, but also Gulf, Chevron, 
NL Industries, Halbouty, Trollinger, Santa Fe International, Mobil, 
and Shell), as well as research usage. Within the industry the 
distinction between operational and research is not always a clear 
one. For instance, in the case of Exxon, the Research Division 
processes all Landsat data including that used by the Operating 
units. Other companies making "research" usage of Landsat data 
include Continental, Aminoil, and Cities Services. 

One strong point made by the users within the mineral and petro- 
leum industry is the importance of a continuum of data over a 
period long enough to obtain global coverage under seasonal and 
climatic variations. The assertion that a single cloud-free scene 
of an area is sufficient to meet this industry's requirements is 
rapidly fading as the wealth of geological and geobotanicai 
information contained in Landsat data is increasingly understood. 
This question is addressed in the technical documents provided as 
references. While the industry is currently building worldwide 
mosaics from the present Landsat data, the process would be 
repeated to obtain the new and additional data contained from 
Landsat-C and Landsat-D. As an example, Paul G. Harrison of 
Cities Service Oil Company (Letter III-J) states the following: 


"We know that multi-season coverage may offer more infor- 
mation than a single look by detection of such changes as 
vegetation cover, soil moisture and sun angle. Many clues of 
geological significance are transient in nature because of 
these factors, yet the previously cited costs for an airphoto 
survey make it unlikely that the clues will be sought after 
with this tool." 

Although the industry is currently building worldwide mosaics 
from the present Landsat data, the process would be repeated to 
obtain the new and additional data contained from Landsat-C and 
Landsat-D. 
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The performance enhancements of the Thematic Mapper would 
definitely upgrade the value of Landsat data as an industry tool. 
However, for the realization of the full potential of satellite 
remote sensing data, this industry is requesting a program that has 
built within it the inherent flexibility that will permit modi- 
fication of the Thematic Mapper to include a seventh band cen- 
tered at 2.2 micrometers (Thermal IR) and a specialized stereo 
satellite (for three diminensional coverage) to be flown once every 
three-to-five years. The mineral and petroleum industry desires a 
program that has the flexibility to change based on the dictates of 
the experience and varying requirements of its users. 

According to industry representatives, the application of data 
have already improved the nation's domestic mineral resources 
information base and will continue to do so on a much larger scale 
provided the entire program is continued and implemented with 
new stages of properly equipped satellites to produce vital new 
earth science data. 

Forestry 

The forestry industry as a whole is best characterized as being in 
the investigatory stage in its use of Landsat data. This includes 
the major forest products companies such as Weyerhaeuser, St. 
Regis Paper and International paper, as well as smaller ones. 
Weyerhaeuser has thus far established that the current Landsat is 
unable to meet two pressing operational needs; species iden- 
tification within its holdings and monitoring of very young seed- 
lings in reforestation projects. Investigation for application to 
other needs has been turned over to the Research and Develop- 
ment Department. A 60,000 acre area in North Carolina was 
recently classified into a number of categories at an accuracy of 
90%. 

St. Regis Paper is using Landsat data as input to their long range 
planning model for their Information management system. The 
essential elements they look to from Landsat-D are: 

o A 8.5 million acre synoptic view of earth per scene 
o A continuous data source 

o 30-meter resolution (enabling one less level of under- 
flight data) 

o 256 grey scale for enhanced classification capabilities. 

Mr. Kenneth F. Bailey, Divisional General Manager, Southern 
Timberland Division, said "We feel such a system is mandatory if 
proper decisions are to be made as to the management of our 
natural resources in general, and forest resources in particular." 
(Letter Ill-A) 



c. Construction 

Bechtel utilizes Landsat data in such wide ranging construction 
projects as location of nuclear and fossil power plants, dams and 
hydroelectric projects, highway and pipeline routes, industrial 
complexes, airports, telecommunication projects, mining facilities 
and more, A document describing Bechtel Geology Group's use of 
Landsat data, its on-going requirements, and suggested 
improvements is included as Reference IV-C. 

^.2 Current Applications of Landsat 

Industry is the largest group purchasing Landsat data. An overview of 
the value of Landsat data to this industry is given by 

William V. Trollinger of Trollinger Geologic Associates - Letter III-I 
(2)): "Generally speaking, the Landsat imagery provides the overall 

synoptic view for regional geologic (primarily structural) interpretation 
which puts the detailed information into its regional context." 
However, the use of Landsat data is not limited to its structural 
information. The temporal aspect of Landsat data acquisition is also 
important. Paul G. Mathiew, Manager, Exploration Department, Gulf 
Research and Development says that (discussion with Mr. Mathiew): 
"Seasonal variations in moisture and snow cover have contributed to our 
interpretations." 

Eugene L. Oones, Manager of Exploration Research at Mobil, says, 
(Letter IIl-E): 

"Our principal use of the data has been for regional geological 
studies, particularly tectonic analyses. These studies have been in 
support of Mobil's worldwide exploration for both petroleum and 
other mineral deposits. 

The applications have been fairly well balanced between North 
America and foreign areas, including Africa, the Middle East, and 
Far East. 

We have examined shallow-water offshore areas for geological 
features. 

In one instance, offshore Egypt, we did use Landsat imagery to 
determine shallow-water areas potentially hazardous to marine 
seismic surveys. In this case, bathymetric charts were pre-1930 
vintage and of questionable reliability." 

The scientific and technical reports documenting the use of Landsat 
data usage in mineral and petroleum exploration alone fills volumes. 
Two examples are: "a description of exploration in Guatamala" by 
Trollinger (Letter IIl-I (1)), and Landsat Data Contributions to 
Hydrocarbon Exploration in Foreign Countries by F. P. Bentz and S. I. 
Gutman (Letter ill-F). 
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The general use of Landsat data throughout the industry is probably best 
summarized by Michel T. Halbouty in an articie entitled, "Application 
of Landsat Imagery to Petroleum and Mineral Exploration," American 
Association of Petroleum Geologists Bulletin, Volume 50 , No. 5, dated 
May 1976. The first six points of the abstract provide an excellent 
synopsis of Landsat's mineral and petroleum applications. 

4.3 Need for Improved Capability 

Because the mineral and petroleum industry is advanced in its use of 
current Landsat data, the need for the proposed improved capabilities 
of the Landsat-D mission are essential, but represent a minimum 
upgrade. To quote Chevron (Letter III-B): 

"We anticipate that Landsat 1, 2 and 3 will satisfy our needs for 
imagery acquired with the present MSS configuration. Once 
Chevron has obtained cloud-free coverage of the land areas, we 
will greatly curtail our ordering of MSS images. The proposed 
Landsat follow-on with improved spatial resolution and spectral 
bands will initiate a new cycle of image acquisition and inter- 
pretation. 

"Specifically, the new mid-IR (1.55 to 1.75yuim) of the Thematic 
Mapper should greatly aid in recognizing hydrothermally altered 
rocks in the vicinity of potential mineral deposits. The improved 
spatial resolution will improve the ability to resolve specific 
targets while retaining the broad image coverage that has been so 
useful. The proposed thermal IR band (10.4 to l2,5/wm) will 
provide sea ice monitoring capability during periods of arctic 
darkness. For geologic interpretation, our experience and that of 
other investigators indicates that thermal IR imagery must be 
acquired at night. Only experience will establish the applicability 
of this relatively low resolution thermal IR imager." 

Although not mentioned on the proposed Landsat Follow-on speci- 
fications, we believe that stereoscopic image coverage will be 
valuable. This is based on our work with the limited stereo sidelap 
from Landsat 1 and 2, that has minimal vertical exaggeration. 
We believe that complete stereo coverage of the earth's land 
areas with optimum vertical exaggeration would be valuable. 
Repeated coverage would not be necessary after cloud-free 
coverage of high quality images has been acquired." 

In Energy Resources Exploration Petroleum (Bennett - Letter III-A), the 
industry position is summed up as, 

"It is unlikely that they (many companies) would acquire repeat 
coverage from future satellites unless there are significant 
improvements in spatial resolution and spectral coverage." 
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Most companies do acknowledge that the Landsat-D program, as 
presented to them, does offer sufficiently significant improvements to 
continue the benefits being derived, but NASA must not stop there. As 
Bennett, himself, points out, 

"Band 4 of Landsat 1 and 2 is currently used to map these (shallow 
seas) hazards; the water penetration band of Landsat Follow-on 
should be even more useful. If atmospheric scattering effects are 
not excessive, natural oil seeps may be detectable on imagery as 
aid to offshore exploration." 

Gulf states, 

"The specifications for data acquisition outlined will definitely 
increase the usefulness of the data for geologic analysis. We 
would recommend in particular the inclusion of 2.2 micrometers in 
the spectral band coverage for its potential use in discrimination 
of rock alteration." 

Jon W. Davidson of Superior Oil (Letter III-H) feels that, 

". . . the present Landsat bands are not optimumly positioned for 
geologic mapping. 

In particular, we need bands centered at 1.6 and 2.2 micrometers. 
The 1.6 micrometer band is proposed for the thematic mapper on 
Landsat D; however, without the 2.2 micrometer band to utilize in 
ratioing, its value will be significantly diminished. Our experience 
indicates that ratioing of two bands in the same portion of the 
spectrum is much more useful in geologic mapping than single 
bands. 

The increased spatial resolution and dynamic range of Landsat D 
will certainly be welcomed by the geologic community; however, 
until the bands are placed in an optimum position for geologic 
mapping, the really large benefits of natural resource exploration 
from space cannot be obtained." 

A more positive note appears in Exxon's statement (Letter III-C), 

"We consider Landsat one of the most important and significant 
projects undertaken by NASA. It has direct and immediate appli- 
cation in the search and development of our nation's natural 
resources. Implementation of proposed follow-on Landsat pro- 
grams will significantly improve the system and allow even more 
direct application in the exploration for natural resources." 
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Benefits from Landsat 


To quote Energy Resources Exploration Petroleum {Bennett - Letter III- 
A), it is, 

. . difficult, if not impossible to credit a discovery well (or 
mine) to a single technology. The time from beginning of explora- 
tion to drilling a well is commonly five years or more ... On this 
time frame, the major petroleum (or mineral) benefits of Landsat 
are in the future." 

However, the nature of those benefits is clear. For although the utili- 
zation of Landsat data has not resulted in the replacement of any 
geological or geophysical method, it has aided in the optimization and 
localization of the use of these methods which are considerably more 
costly than using Landsat data. This optimization is an increase in 
efficiency of mineral and petroleum exploration. The industry itself 
says that Landsat. data is used for initial and general mapping, 
exploration concession selection, structural mapping, locating water 
resources, road mapping, pipeline routing and environmental monitoring. 

Estimates of the 1975 expenditures for mineral and petroleum 
exploration worldwide using geophysical techniques only was $51.4 
million and $1.19 billion respectively (Geophysics, Vol. 41, No. 4, p. 780, 
1976) . The total mineral and petroleum exploration expenditures in the 
U.S. alone for geological techniques has averaged about $100 million 
annually over the past three years (this is an estimate based upon 
information from the joint survey by the American Petroleum Institute, 
the Independent Petroleum Association, and the Mid-Continent Oil and 
Gas Association published in The Oil and Gas Journal , p. 36, May 31, 
1976, and from the Society of Exploration Geophysicists Annual 
Geophysical Activity Committee Reports published in past issues of 
Geophysics ). The total geophysical and geological (G&G) expenditures 
for mineral and petroleum exploration for 1975 was, therefore, about 
$1.34 billion. Of this amount, .about $920 million was attributed to 
airborne and land surveys which are directly effected by Landsat ($420 
million was expended on 'marine surveys which are not affected by 
Landsat). 

The USGS estimated that an increased efficiency of 7% in its geological 
and geophysical operations would result from Landsat data (1969 
National Academy of Sciences study of an Earth Resources Satellite 
Observation System). NL Industries found its Increase to be in the 
range of 12-15%. More specifically. Dr. H. Leroy Scharon states, (Letter 
III-K): 

"the time element (for ore exploration) was reduced from a field 
reconnaissance of two years to several months. This alone 
represents a saving to NL of several hundreds of thousands of 
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dollars... In another case, which occurred in the United States, 
observing Landsat imagery over a known mineral district, we 
observed through the utilization of the infra-red bands, that one 
could interpret fracture patterns, not evident at the surface, in 
which ore occurs at 1,500-2,000 feet below the surface. Applying 
this technique over another area where a similar host rock' at 
depth is known to exist, over an area extending some 200 miles 
east-west and 50 miles north-south, specific loci were spotted on 
exploration program initiated with a considerable decrease in time 
and dollars spent, and I might add with an exploration success. 
These are but two examples." 

Using the USGS experience of 7% rather than the NL experience 
averaging 13.5%, assuming the 1975 Landsat effected G&G expenditures 
will not increase in the future, and assuming that all activities included 
in the $920 million 1975 exploration expenditure are directly effected by 
Landsat data, a conservative estimate of the value of Landsat to the 
mineral and petroleum industry is $69 million annually. 

A few examples of cost benefit from Landsat in petroleum exploration 
are as follows; 

In Energy Resources Exploration Petroleum Bennett states, 
(Letter III-A); 

The savings in manpower and time could be appreciable (in 
geologic studies), especially in areas where base maps are 
poor or lacking..."TrafficabiIity and access information from 
Landsat maps can save several days of crew time each 
month at a typical cost of $5,000 per day in isolated foreign 
areas." 

Trollinger states, (Letter III-I); 

"It is very difficult to quantify the amount of cost savings 
effected by utilizing Landsat data over a totally conven- 
tional program (aerial photography). This is because the 
type and quality of information derived is quite different. 
However, the following information is given for general 
comparative purposes: 

For the Guatemala-Mexico area mentioned above, the cost 
breakdown roughly is as follows; 

a. Detailed study using aircraft photography 

(approximately) 1,500 square miles-$6.50 per square 
mile = $9,750,00 


36 



b. Regional study using Landsat 

(approximately) 150,000 square miles-$ .20 per square 
mile = $30,000,000 

c. $6.50 per square mile divided by .20 per square 
mile = 32.5 

This means that unit costs for mapping using conventional 
photography were 32.5 times more costly than using Land- 
sat. However, the products are totally different in quality 
and amount of detail and therefore, the cost figures are of 
limited value. The resultant Landsat photogeologic map was 
prepared at . the scale of 1:1,000,000, whereas the 
conventional photogeoiogic map was prepared at the scale of 
1:50,000. Thus, the conventional map is more 
comprehensive than the Landsat map — however, the Landsat 
map provides data that has been heretofore virtually un- 
obtainable at any cost." (Note that over $20 million is 
spent annually on airborne exploration for petroleum). 

Because it requires 4-5 years after a potential mineral or petroleum 
deposit is located to determine its potential value and to initiate 
extraction operations, and because the minered and petroleum industries 
have only been using Landsat for a short period of time, it will require a 
few more years to identify point cases of actual benefit. 
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5.0 LANDSAT DATA ANALYSIS, SERVICE AND EQUIPMENT SUPPLIERS 


5.1 Overview 


Since the launch of Landsat-I, a growing industry has emerged to 
provide specialized data products, data analysis equipment and 
consultation services to end users of Landsat data. Business 
opportunities for these firms are increasing as more users gain interest 
and confidence in Landsat data for practical use. A large share of the 
economic benefits of earth resources satellites can be measured by 
assessing the vitality of this service industry. 

5.2 Service Supplier Survey 

In order to gain a totally independent perspective of the value of 
Landsat, a survey of nine companies involved in the commercial 
utilization of Landsat data was conducted to determine the size of the 
potential market for selected products and services. (No attempt was 
made here to evaluate the marketplace in total or the ultimate 
contribution to the GNP; i.e., the value of the end-products and/or 
services resulting from the use of Landsat data.) The market survey 
can give some indication of the monetary value users are willing to 
place on Landsat. In addition, it represents an assessment of Landsat by 
a segment of the public that has risked its own money on its beliefs. 
Significant amounts of investment capital have gone into product 
development (image processing equipment, computer software 
development, etc.), personnel training (both for analysis and marketing), 
and to market development Itself (evaluation, forecasting, advertising, 
etc.). 

The criteria for selecting the companies sampled were; 

1. The company must be currently involved in providing or evaluating 
Landsat-based products and/or services. 

2. Market forecasting must be part of the company's standard busi- 
ness procedure. 

3. The company represents a major segment of the Landsat market 
(in terms of what it offers). The present or forecasted Landsat- 
based business represents a major portion of the firm's total 
business, or a large dollar volume Is derived or projected from 
Landsat-based business. 

With these criteria in mind, the following companies were requested, 
and agreed, to participate; 
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COMPANIES 


INITIAL CONTACT TITLE 


Bendix Aerospace 
COMSAT 
DICOMED 
EARTH5AT 
ESL, Inc. 

General Electric 
IBM Corp. 

I^S (Div. Stanford) 
TRW 


George R. Macomber 
Dr. Joseph V. Charyk 
Wayne R. Huelskoetter 
J. Robert Porter 
Dr. William J. Perry 
Daniel J. Fink 
F. G. (Buck) Rodgers 

George G. Hoberg 
Dr. George Solomon 


Vice President 
President 
Vice President 
President 
President 
Vice President 
Director of 
Corp. Marketing 
Vice President 
Vice President 


5.3 Survey Results 

The responses provided to NASA differed widely in approach and 
content. Specific projections could not be drawn directly from the 
data, but a number of important general conclusions were evident. 
First, the "market" is sizeable and diverse in terms of both products and 
services. The market should be at least $1 billion from 1976-1985 and 
could range up to $4 billion or beyond. This includes sales both 
domestically and abroad. 

There was consensus among the eight respondents that a lack of 
commitment to further satellites would have an adverse impact on the 
market although the timing and magnitude of this is not clear. It was 
clear however, that a three year interruption in an on-going program, 
(e.g., a satellite failure with no backup), would seriously affect the 
market. All the responses indicated that, in event of a three year 
interruption, the market would decline by 70-90 percent. There would 
be slow, if any immediate recovery following the launch of another 
satellite. 

5.^ S ervice and Equipment Supplier's Concerns 

From the survey and private discussions with representatives of the 
industry, NASA gained some understanding of the concerns of the 
companies operating in this area. The realization of the market 
potential for Landsat-derived business is largely dependent on 
government policy decisions. A commitment to provide continuity of 
data is emphasized as a major step which will be needed to stimulate 
the market for Landsat products and services. A full commitment to 
continuously available data would require a new start in time to orbit 
the new satellite before, or coincidental with, the demise of the old and 
sufficient backup satellites, to replace satellites no longer functioning, 
or, during the shuttle era, being refurbished or modified. The extent to 
which the potential for discontinuity is known by users will determine 
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the effect on the market. Unless there is a commitment to continuity, 
many will not make the investment necessary to use Landsat data 
operationcdly if there is a lingering threat that the data will cease to be 
available. 

A second governmental policy issue which will determine the market 
potential is the service supplier's access to the data— at what points and 
under what conditions? Direct readout of the data from Landsat would 
provide the opportunity for general and specialized distribution services 
which could perhaps be provided more quickly and cheaply than through 
central facilities. Private industry would, in order to enter the 
market, have to provide, at minimum, products which equal the 
government's in price and quality. This competition might result in 
better products at lower prices. 

This is not to infer that private industry should replace the government 
in the entire distribution process. According to the industry, the 
archiving function does not represent a viable business opportunity. 
Yet, since the full worth of Landsat data is unknown and historical and 
seasonal comparisons are of demonstrated value, the archiving function 
is essential. 

One of the participants in the suppliers study, COMSAT, has presented a 
concise view of the major business concerns in this area in the letter to 
Dr, Fletcher which is included in the reference section of this 
document. (Letter III-L) 

Another major concern expressed by the service and equipment 
suppliers is government usurpation of possible commercial 
opportunities. True research projects are indeed worthy and necessary 
functions, and, where all can benefit from them, are well within the 
domain of the Federal Government. But, industry does not want NASA 
to undertake projects which could have been competed for and 
accomplished by the private sector. 





6.0 FOREIGN USERS 


While NASA has not formulated the Landsat D system characteristics on the 
basis of foreign needs, the Agency has experienced extensive and ever- 
growing foreign interest in existing and planned Landsat programs. At pre- 
sent, over 100 foreign countries are involved with the use of Landsat data, 
encompassing research through routine operational use. Seven countries have 
signed agreements with NASA to construct their own Landsat ground stations 
which involves expenditures of over $40 M for U.S. equipments. The three 
countries currently operating stations {Canada, Brazil and Italy) have this 
year begun to pay $200,000 per station per year for direct access to the 
satellites. The other committed stations will begin paying access fees six 
months after they become operational. 

Many countries now realize the potential of Landsat in the planning of their 
economic development. - Agriculture, being the basis of most of the 
economies of the emerging nations, requires a significant amount of 
information before meaningful plans can be developed. Whether the objective 
is increased yield, reduction of import dependency, or better utilization of 
soil and water, Landsat has proven to be a valuable tool in agricultural land 
capability evaluation and land use planning (see concerns of the World Land 
Use Survey Commission of the International Geographical Union relative to 
Landsat expressed in Letter IV-F). Many base mapping requirements can be 
accomplished readily and at large cost savings. Large scale planning for 
water sanitation projects and industrial/agricultural developments have found 
Landsat to be helpful. Landsat data, for example, was used by Taiwan to 
determine ocean current and sedimentation distribution in the planning and 
design of a major new harbor. In Thailand, Landsat identified the amount of 
forested area as 37% of land cover compared to 58% in the most recent 
conventionally performed survey (1961). This information is of economic 
interest since the mangrove forests are major cash crops. In Mexico, land use 
and land capability maps were prepared for large areas. Soil maps were 
prepared for the whole country. The Mexican investigators estimate 
reliability of the soil maps at 90% and the cost of preparation approximately 
O.l^i/hectare mapped. The Inter- American Development Bank is currently 
training scientists to conduct a resource inventory of Central America using 
Landsat. In India, the World Bank is making land use maps of the State of 
Orissa which will be used for agricultural planning and water management. 
Landsat-D, with increased resolution and spectral sensitivity, will greatly 
reduce aerial and ground survey costs and time in preparation of these 
development plans. 

Geological maps have been prepared in many countries and new faults and 
other geological features discovered. As a result, several countries claim to 
have located new deposits of miner cils and petroleum. In Pakistan, potential 
copper deposits were identified using Landsat. In Chile, Landsat data has 



identified areas of potential copper deposits. In Bolivia, lithium and 
potassium deposits were confirmed in areas identified by Landsat data. In 
Egypt, petroleum, water, uranium and a new vein of iron ore were discovered 
using Landsat (Letter IV-B). 

In addition to geological maps, basic cartographic mapping has been enhanced 
with Landsat. For example, in Brazil's Amazon region, many rivers and towns 
were found to be in different locations than originally thought and new islands 
were discovered. 

Many actual or potential economic benefits have been reported. For 
instance, in France, Electricite de France, the national electric company is 
using Landsat to plan development of certain estuaries and to help select 
sites for nuclear power plants. The latter application is also being practiced 
in Egypt. A new gas pipeline route selected in Bolivia using Landsat saved 
the government approximately $3 million. In Argentina, Landsat was used to 
map ground water depth and sdinity saving several hundreds of dollars per 
square kilometer mapped. Table 6-1 presents a summary of selected cases 
where Landsat has resulted in economic benefits to various countries. 

Countries such as Iran plan to use Landsat operationally and are investing 
millions of dollars to do so— most, if not all of which will be spent in the 
United States. Canada, of course, has already declared remote sensing tech- 
nology from space to be a potential commercial world-wide market and is 
assisting industry to pursue various aspects of the market. Japan, France, 
and the United Kingdom are other countries which see the national and eco- 
nomic implications of Landsat technology. Should the U.S. relax its present 
leadership in this technology, it is apparent that foreign countries will capi- 
talize on U.S. technology. The ability to accurately survey world-wide agri- 
cultural crop yield on a continuing basis is perhaps one of the greatest bene- 
fits which can result from Landsat technology. The societal benefits related 
to the world food problem are obvious and Landsat-D with its increased 
resolution can play an important role in the U.S. effort to attack the growing 
world food problem. 

Landsat is also being used effectively by AID and international lending insti- 
tutions (see World Bank letter from Wolfram Drews— Letter IV-E). Recently, 
the World Bank assisted India in developing a land use classification using 
Landsat data. Many other examples can be cited including the World Bank 
base mapping and forest inventory project in Indonesia, and the land use 
analysis in Bangladesh. AID is assisting many countries in learning how to use 
Landsat in their mapping and resources management. The recent AIDSAT 
demonstration of remote sensing technology to some 30 countries was 
undertaken by AID as a way of familiarizing developing country officials with 
the potential of this technology. In many of these areas, Landsat is the only 
potential source of current as well as comprehensive data concerning a 
nation's resources. 



Many U.S. based multi-national engineering and construction companies 
depend upon Landsat routinely for construction planning and engineering 
geology (see Bechtel's Geology Group's statement, Reference IV-C). Data 
from the Thematic Mapper will greatly reduce ground and photographic 
surveys of topography, vegetation, soils, and impervious materials needed for 
transportation and construction. 

The Landsat-D program is, therefore, important to other countries especially 
the emerging nations, U.S. foreign business, and U.S. technological leadership. 



TABLE 6-1 

ECONOMIC BENEFITS TO FOREIGN COUNTRIES 
RESULTING FROM LANDSAT USE* 


(1) Numerous Countries (Atlantic Ocean) - areas of high/low phytoplankton 
densities discovered resulting in benefit to fisheries industries. 

(2) France - Electric Co. using Landsat to plan development of estuaries and 
select sites for nuclear power plants. 

(3) Bangladesh - ^000 square miles of new land discovered. 

(4) Japan - Pollution dispersion in Osaka Bay monitored. 

(5) Thailand - Mangrove forest inventory. 

<6) Vietnam - land capability analysis of Mekong Valley used for land develop- 
ment, refugee settlement. 

(7) Egypt - iron ore discovered; Landsat being used to select sites for nuclear 
power plants. 

(8) Saudi Arabia - desert locust breeding sites identified using information con- 
cerning vegetation patterns. 

(9) South Africa - possible sources of water identified that could be tapped and 
used in periods of droughts. 

2 

(10) Argentina - ground water depth and salinity mapped at $300-600 savings /KM 

(11) Bolivia - gas pipeline route change resulted in $3 million savings; Landsat also 
used to select highway routing. 

(12) Chile - area of potential copper deposits discovered. 

(13) Mexico - land use maps produced at significantly less cost; land use potential 
maps prepared for planning. 

(14) Virgin Islands - hydrographic (depth) charts prepared at lower costs. 

(15) Brazil - 200 square miles in Amazon discovered (previously unmapped). 

(16) Pakistan - copper discovered. 

(17) Bolivia - lithium and potassium deposits discovered. 


*The references for these economic benefits are the Landsat Significant Results 
File and the NASA Earth Resources Survey Symposium Proceedings 




7.0 MULTISECTOR USER EVALUATION 


7.1 Applications Survey Groups 

The results of the Applications Survey Groups (ASG's) were reported in 
detail in a five-volume document, available from NASA's User Affairs 
Division. The general concensus of the ASG's (see Table 7-1) for 
organizations involved was extremely favorable to the Landsat 
concept. Recognizing that Landsat data is one of many tools utilized in 
resources management and planning, the ASGs felt that Thematic 
Mapper data from Landsat-D will be of tremendous value to them. 
Overall, the Landsat-D characteristics most strongly desired by the 
Groups were: 

0 Resolution of 30 meters (Thematic Mapper) 

o Increased spectral sensitivity (Thematic Mapper) 

o Continuation of MSS data to assure compatibility with current 
Landsat information 

o A two satellite system giving nine-day repetitive coverage 

The ASG report was also of great value in that it did identify some 
specific dollar costs and benefits associated with the use of Landsat-D. 
These figures were incorporated into the economic analyses of 
Landsat-D conducted by NASA. 

7.2 Battelle Survey 

The Space Applications Board ”of~the National Research Council 
requested NASA to undertake a general survey of users of earth 
resources data. This study was to identify current data users, examine 
their usage of Landsat and aircraft remote sensing data and determine 
improvements suggested by users to make the data more valuable. 
Battelle Columbus Laboratories was given responsibility to conduct the 
survey. 

Batteile's basic approach was to develop a detailed questionnaire which 
was to be administered to a large number of users. Follow-up personal 
interviews were also planned. As the study was beginning, the Office of 
Management and Budget independently asked NASA to survey the user 
community at the impending Earth Resources Survey Symposium, to be 
held in Houston, Texas in June 1975. These efforts were then combined; 
the questionnaire was given first to the Symposium attendees and later 
to a larger group of general users. Batteile’s final report, published in 
June, 1976, was distributed to NASA management and field centers, 
Congress, GAO and 0MB. Several general trends were very clear from 
the study: 
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The community of Landsat data users is large and growing s 
The study identified hundreds of different organizations 
currently using remote sensing information and showed that 
data sales from the three federal data centers has increased 
dramatically since the launch of Landsat-I (Survey of Users 
of Earth Resources Remote Sensing Data, March 31, 1976 p. 
17). Currently, private industry accounts for purchases of 
the largest amount of Landsat data (25%) and state and local 
government the smallest (1%, although much of the data 
purchased for use by state and local government is obtained 
by educational institutions or private service companies). 
Landsat data use is uniform among the various disciplines 
for the most part, although environmental monitoring 
applications of Landsat are lagging behind. 

Landsat data utility varies among users. Some users are 
already making operational use of Landsat data, e.g., the 
petroleum and mineral exploration companies. Other users 
are still in the research stage, although they see great 
potential for Landsat use in their disciplines. The survey 
showed that agriculture, land use and water resources 
management will benefit the most from earth resources data 
in the future. 

Future system improvements will increase the utility of 
Landsat data to users . 

While many users find the current MSS data from Landsats I 
and II very useful, a number of system improvements are 
desired. 


a. Spectral Resolution - Many users are satisfied 
with the existing spectral bands, but the more 
advanced users recommend narrower bands and 
extension into the thermal and near IR regions. 

b. Spatial Resolution - Most users recommended 10- 
40 meter resolution, especially those involved in 
land cover mapping and change detection. Many 
users are working extensively with 80 meter 
data, they are' constrained to experimental uses 
and large area surveys. 

c. Repetitive Coverage - Although some users want 
more frequent coverage, 18 day coverage seems 
adequate. Some users expressed specialized 
coverage requirements for foreign areas or, in 
the case of geologists, stereo coverage. 



Data Reproduction and Distribution ~ User 
dissatisfaction with data delivery times was very 
clear from the survey. Also there was 
significant demand for a quick look capability. 

The overall results of the Battelle study 
generally support other findings on the same 
subject. The report is a good general 
compendium of the current state of Landsat data 
usage. 



TABLE 7 

USER ORGANIZATIONS REPRESENTED IN APPLICATIONS SURVEY GROUPS 


FEDERAL 

state/regional 

UNIVERSITY 

INDUSTRIAL 

usgs/gap^ WRD^ LUDA^ 
TOPOo GEOL, DIV.j 
EROS 

DEPT. OF WATER ^S, 
(SACRAMENTO. CA) 
(DENVER^ CO) 

TEXAS ASf-1 

UNIVERSITY OF CaNNECTICUT 

ST, REGIS PAPER COMPANY 
EXXON 

NSF 

AREA IV REG. PUN, 
(OTTUMA^ I a) 

UNIVERSITY OF CALIFORNIA 

FMC 

OERC 


UNIVERSITY OF VIRGINIA 

MONSANTO COMPANY 

EPA EMSL/MCW 

NAT, WEATHER SERV, ' 
(SACRAMENTO^ CA) 

UNIVERSITY OF CALIFORNIA 
AT SANTA BARBARA 

GEOSCIENCE j INC. 

noaa/ocean survey^ 

GT, UKE BASIN COMf-l. 
(ANN ARBOR^ Ml) 

CALIFORNIA INSTITUTE OF 
TBCHN./JET PROPULSION LAB, 

HALBOUTY ALASKA OIL 

nps/nstl 

WATER DIV, BOARD 
(AUSTIN^ TX) 

BUREAU OF ECON GEO. 

BITTINGER AND ASSOCIATES 

USAC OF ENG./WATCR 
RESOURCES^ NCD 

DEPT, OF CONSERV, 
(SACRAMENTO^ CA) 

COLORADO STATE UNIVERSITY 

RALSTON PURINA 

OCE 

(NASHVILLE^ TN) 

CORNELL UNU'ERSITY 

CALIFORNIA EARTH SCIENCES 

ETL 

STATE ED, DEPT, 

(albaniy^ ny) 

UNIVERSITY OF CALIFORNIA 
AT BERKELEY 

CARGILL GRAIN 

EMA HYDRO. CTR. 

DEPT. CITY PLANNING 
(LOS ANGELES^ CA) 

UNIVERSITY OF DELAWARE 

ANDERSON CUYTON 

BUREAU/mINES^ CENSUS 
LAND NGMT. INDIAN 

GEO, SURVEY ^ 
(IOWA CITYv ia) 

STANFORD UNIVERSITY 
SAN DIEGO STATE UNIVERSITY 

CHEVRON OIL FIELD 
METRICS V INC, 
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FEDERAL 

STATE/REGia'IAL 

UNIVERSITY 

INDUSTRIAL 

ERL 

DEPT. OF NAT. RES, 
(ATLA^JTA^ GA) 

Ut'JIVERSITY OF MARYLAND 

TROLLINGER GEOLOGICAL ASSN, 

USDI/fISH and WILDLIFE 
SERVICE 

!^RN CTY. WATER AGENCY 

AUBURN U^JIVERSITY 

GEOSPECTRA CORPORATION 

usda/ars/forest SERV, 
hud/fia 

DEPT, of TRA'JS. 

(BAKERSFIELD^ CA) 

STATE PLANNING AGENCY 
(ST, PAUL^ MN) 

REG. COUNCIL OF GOVTS, 
(DENVER^ CO) 

RES. INFORMATION SYS. . 
(PHOENIXj AZ) 

UNIVERSITY OF GEORGIA 
UNIVERSITY OF WISCONSIN 
UNIVERSITY OF WYOMING 
PENNSYLVANIA STATE UNIV. 

UPLAND INDUSTRIES 
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A. USDA AGRICULTURAL RESEARCH SERVICE 

B. FISH AND WILDLIFE SERVICE, U.S. DEPARTMENT OF 
THE INTERIOR 

C. DEFENSE MAPPING AGENCY 

D. CORPS OF ENGINEERS 


*NOTE: This appendix does not include material from the Interagency 
Decision Team (IDT) of the IDT Working Group,’ which has been documented 
m minutes of those meetings. However, the IDT material should be 
considered as the most significant and representative statement by the 
federal agencies concerning Landsat-D. 



^A"^USDA'‘AGRl=^-r^r 

RESEARCH SERVICE 



AGRICULTURAL WASHINGTON, D.C 

RESEARCH 20250 I-B 

service 

UNITED STATES OFFICE OF ADMINISTRATOR 

DEPARTMENT OF 

AGRICULTURE 


AUG 2 ^ 1276 


Dr. James C. Fletcher, Administrator 
National Aeronautics and Space Administration 
Washington, D.C. 20546 

Dear Dr. Fletcher: 

I am pleased to respond to the request concerning ARS's particular LANDSAT 
experience and our general interests in natural resource information 
gathered by orbiting spacecraft. 

A National Remote Sensing Workshop was held within ARS in March of this 
year. It was determined that satellite digital and image products could 
be used to: 

1. Determine kinds and acreages of crops 

2. Detect nutrient deficiencies 

3. Inventory rangeland (kind and condition) 

4. Map soils and water bodies 

5. Determine soil salinity 

6. Estimate biomass /yield /vigor of crops 

7. Map surface tomperaturcs and areas of freeze-damaged crops 

8. Determine watershed runoff curve coefficients 

Each of these applications had been accomplished experimentally in one or 
more cases. 

Other uses of orbiting spacecraft data that our scientists believe could 
be accomplished — but which cannot presently be accomplished because of 
insufficient resolution, lack of thermal band, or lack of funds to support 
an effort — include: 

9. Detect disease, insect, and nematode damage to crops 

10. Determine energy budgets for crops and land areas 

11. Assess sedimentation, soil erosion, air pollution damage to plants 
and other aspects of environmental pollution and deterioration. 

Our scientists and administrators are sincerely interested in remote 
sensing as a tool to document present natural resource conditions, to 
quantize dynamic processes, to develop and test models, to produce 
integrated application systems, and to provide farmers and ranchers with 
timely management decision facts. In-house funding for these studies had 
been stagnant for a number of years, but items in the FY 77 budget will more 
than double the in-house support devoted to remote sensing. We are hopeful 
that thia effort con be further C3q>andcd in future budget deliberations. 
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An Important prerequisite for increased effort of this agency is the 
assurance that satellite data be available on a continuing basis over the 
coming years. This would include supplementing existing data sources with 
more timely, complete, or accurate information on the one extreme, to 
development of completely new analysis and disaemination systems on the 
other. One obstacle we have faced is in establishing teams across 
geographical, disciplinary, and agency boundaries — especially teams in 
such diverse fields as photogramraetry, computer science, crop modeling, 
meteorology, physiology, soil science, and ecology. However, we are 
working on this. Experience and learning will occur simultaneously in 
extracting more of the information content from the satellite data and 
in developing necessary institutional innovations for analyzing and 
acting on it. Both processes will require time, so that the benefits 
to agriculture will likely grow geometrically with time in the coming 
years . 

We anticipate cost effectiveness will be best achieved by making multiple 
uses of spectral data for a given geographic area. For example, a data set 
for a given LANDSAT scene could be analyzed for the Information it contains 
about such diverse subjects as stored surface water; crop yield fore- 
casting; land use as it affects water runoff, soil erosion by wind, and tax 
values; range condition and animal carrying capacity, and soil moisture 
conditions and evapotranspiration. Thus, we will be busy developing 
multiple use analyses and striving for elegantly simple systems that are 
based on sound scientific principles coupled with trained insight to dynamic 
biological systems. Cost effectiveness will be aided by determining the 
minimum amount of grovind truth needed- for acceptably accurate conclusions in 
any application. 

The LANDSAT data provide a valuable resource for following changing land use 
patterns; for opportunely assessing synoptic catastrophic events such as 
droughts and floods, and more restricted events such as fire burns and hail 
damage; for calibrating ground conditions spectrally among growing seasons 
over large areas; and for selecting sites for experiments that are truly 
representative of the physiographic areas served. None of these considera- 
tions is easy to price, but utilization of just such information can make 
our research dollars go further and make our program more relevant to real 
world needs. In addition, the stimulating interactions our scientists have 
had with aerospace company representatives, NASA personnel, meteorologists, 
and scientists from other locations and countries cannot be priced. 

Our scientists are eagerly awaiting the thermal band of LANDSAT-C and the 
LANDSAT follow-on missions. Of particular interest are the additional 
applications dealing with freezes, crop water stress, planting advisories 
based on observed soil temperature, plant cover and vigor as revealed by 
the thermal response, and synoptic energy budget and evapotranspiration 
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analyses. 'For example, we anticipate that data from the thermal band 
used in conjunction, with the other bands will make the identity of cropped 
versus noncropped fields of wheat and other crops possible earlier in 
the growing season than did LANDSAT-1 and -2 data. 

J. believe you can see from the above diocuoslon tlint ARS is interested In 
capitalizing on applications of LANDSAT follow-on data to agriculture in 
our areas of need, mission, and expertise. Ultimately, the information is 
to be provided to farmers and ranchers for current management decisions. 
However, it will be made available, also, to the Soil Conservation 
Service, the State Experiment Stations, and the many local agencies with 
whom we Interact. 

Sincerely, 



cc: 

L. Schweikart, NASA 
S. C. Freden, NASA 


ORIGINAL PAGL ib 
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ADDRESS ONLY THE DIRECTOR, 
FISH and wildlife SERVICE 



United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
WASHINGTON. D.C. 20240 


I-C 


In Reply Refer To: 
FWS/OBS 




Dr. James Fletcher, Administrator 
National' Aeronautics and Space Administration 
Code A, Federal Office Building 6 
400 Iiflaryland Avenue, S.W. 

Washington, D.C. 20546 

Dear Dr. Fletcher: 


The purpose of this letter is to offer a brief view of the potential 
of xhe Landsat Follow-on Program to supply critical information needs 
of the Fish and Wildlife Service. As you are probably aware, the 
greatest single threat to fish and wildlife resources is habitat 
loss; yet, to date, no satisfactory mechanism exists to adequately 
classify, inventory, and monitor such habitat. In order to address 
this problem we have recently established a long-term project to 
achieve a habitat assessment capability. We see Landsat as a con- 
tinuing data source of this activity; if the potential of the Landsat 
Follow-on is realized it will become central to the Habitat Assessment 
Pro j ect . 


Specifically, v/e are interested in the prospects of increased spec- 
tral, spatial and radiometric resolution offered by the proposed 
Thematic Mapper. In particular, the ability to thematically extract 
both wetlands and other vegetative units reliably to one acre or less 
(assuming an IFOV of 30 meters) will allov/ near-total reliance on 
Landsat for periodic update of the National Wetlands Inventory as 
well as the geo-base information system to be created as part of 
the Habitat Assessment Project. 


We are just now beginning to use Landsat 1 and 2 data for regional 
analysis of fish and wildlife impacts of water resoiirce development 
activities. The principal limitation on use of present Landsat data 
for more detailed studies is spatial resolution. Thus we see the 
Landsat follow-on as providing a more cost effective method of 
operation for these site specific, highly detailed assessments. 
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I hope this letter has heen of ralue in your consideration of the 
Landsat Follow^pn PrograiB. Please feel free to contact me or have 
memhers of your staff contact Dr- Allan MaiTnelstein, the Servicers 
Remote Sensing Coordinator> if more information would be useful- 
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MAPPING AGENCY. 
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DEFENSE MAPPING AGENCY 

BUILDING U.S. NAVAL OBSERVATORY 
WASHINGTON. D.C. 20305 


15 MAR 197$ 


Mir. Charles W. Mathews 
Associate Administrator for Applications 
National Aeronautics and Space Administration 
Washington, D. C. 20546 

Dear Mr. Mathews: 

On 13 January, representatives from the Defense Mapping Agency (DMA) 
had the opportunity to attend a meeting hosted by NASA Headquarters 
at which the results of the joint NASA-' Cousteau experiment were 
briefed. The -meeting revealed an impressive degree of success in 
determining water depths in shallow areas by the use of LANDSAT data 
taken in the high gain setting. 

After lunch on the same day an informal meeting convened to discuss 
the band selections for the thematic mapper planned for IiANDSAT-D. 

I wish to reiterate the DMA position as stated at this and previous 
meetings . 

In the near future we at DMA intend to test the techniques demonstrated 
by the Cousteau experiment. If successful, we count on LANDSAT data 
as a potential source material in a high priority survey project this 
spring in the areas surrounding the Bahama Islands and the Virgin 
Islands. Looking toward the future, we urge the retention of the 
high gain mode capability presently available in LANDSAT-1 and - 2 , 
and we naturally desire one band of the thematic mapper optimized for 
water penetration. In selecting the center of this band, as well as 
its width, please be guided by the potential use which hydrographers 
see for its data. We expect to use LANDSAT tapes for shoal definition 
in relatively clear water areas. In the typically more turbid coastal 
confluence zone our surveys are of necessity taken at a larger scale, 
requiring on scene boat or ship assets. 
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While we at DM recognize that "LANDSAT** cannot be considered a 
misnomer, I trust that your configuration of LANDSAT-D will allow 
us to continue to enjoy the serendipity that has fallen to coastal 
hydro graphers • 

FOR THE DIRECTOR: 






OWEN W. WILLIAMS 
Acting Deputy Director 
Systems and Techniques 


cc: 

Mr. R. Schweikart, 
NASA HQ (Code EK) 
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REPL.Y TO 
ATTENIION OFj 


BAEN-aW 


DEPARTMENT OF THE ARMY 
orrjcc OF thc cHiEr of engineers 

WASHINGTON, D.C. 20314 


2 6 MAR 1976 


Mr. Charles W. Mathews 
NASA Headquarters 
Code E 

Washington, D.C. 20546 


Dear Mr. Mathews: 

We have reviewed the preliminary project plan for the Applications Systems 
Verification Test (ASVT) entitled, *Water Management and Control Project*'. 
If successful, we anticipate significant benefits in our water management 
and control activities. The Corps has completed some preliminary work on 
this test and has identified $150,000 to support Corps program costs for 
FY 1977. VJe will be prepared to connit an additional $250,000 in FY 1978 
for implementation and training if the test indicates an effective applica- 
tion. 


Sincerely, 


c y"; 


KEN^’ETH E. MclKTiRE 




Brigadier General, USA 
Deput 3 ’ Director of Civil Works 


CF: 

Solomonson, Goddard Space 
Flight Cntr 
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August 16, 1976 


Dr, James C. Fletcher 
Administrator 

National Aeronautics and Space 
Admin istration 
Washington, D. C, 20546 

Dear Dr, Fletcher: 
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Enclosed for year information is a copy of a policy stacemenc which 
was adopted at the July, 1976, National Governors’ Conference regarding 
the Landsat Follow-on Program, I believe you will agree that the. 
Goverhors are becoming increasingly aware of the valuable contributions 
already made by remote sensing technology as applied to the manage;nent of 
natural resources. The Governors are most supportive of expander appli- 
cations of ERTS /Landsat data and appreciate the need for continuing and 
close cooperation between NASA and the States, 


Sincerely, 



jJohnson 

Staff Director for the Committee 
on Natural Resources and 
Environmental Management 
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LMDSkT FOLLOW-ON PR0GRAi4 


The Governors are becoming increasingly aware of the significance and 
importance of their timely natural resources management decisions. These 
decisions are becoming increasingly complex and difficult due to such 
factors as growing competitive demand for resources, dwindling availability 
of key resources, increased rate of resource utilization, the expanding 
regional nature of decisions as well as resulting impacts, and the necessity 
to achieve the desired balance between economic well-being and environmental 
quality* 

State, regional and local resource managers are increasingly looking to 
remote sensing techniques, and in particular the Land sat program, as an 
important new technology that can make a significant contribution to the 
information base required for improved resources management* The improved 
and timely resource decisions resulting from the availability of Landsat- 
generated data have immeasurable benefits* These benefits -include improved 
resource management, maintenance of environmental quality, and the reduction 
of funds and resources wasted as a result of delay and litigation associated 
with unresolved land management issues. 

The Governors, therefore, resolve to support the Landsat follow-on program 
and would welcome imagery of greater resolution in order to assure continued 
and improved data for use in natural resources decisions by the States. 




STATE 

LEGISLATORS (NCSL) 




National 
Conference 
of State 
Legislatures 


Headquarters 
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(303) 623-6600 


September 13, 1976 
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Dr. James C. Fletcher, Administrator 
Code A 

NASA Headquarters 
Washington, D.C. 20540 


1405 

Curtis 

Street 

23rd Floor 

Denver, 

Colorado 

50202 


II“A.(.2) 

President 

Tom Jensen 

House Minority Leader 

Tennessee 

Eveculivc Director 
Earl S. Mackey 
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Dear Dr. Fletcher: 


I am pleased to inform you that, at their Annual Meeting in Kansas City, 
on September 3, the members of the National Conference of State Legis- 
latures approved a motion in support of a resolution urging Congress to 
"assure the continuance of the satellite-based natural resources informa- 
tion collection by approval of the Landsat Follow-On Program." The 
resolution, as enclosed, does not appear in our Final Report because the 
meeting occurred after the printing of our Report. 

For your own interest, the recommendations set forth in the Final Report 
of NCSL^s Task Force on Uses of Satellite Remote Sensing for State Policy 
Formulation are as follows: 


— Congress should make a firm commitment to insure the 
operational status of the satellite-based program; 

— the states should take the responsibility of providing 
some form of support for this system; 

— for an effective technology transfer process, NASA, in 
its research and development role, should establish or 
employ an agency or firm of an operational nature to 
carry out this process; 

— both the private sector and universities should be 
encouraged to attempt development of effective, inex- 
pensive data products for state use, 

— regional user assistance centers should be established; 
and 


— it is important to inform and update state legislatures 
regarding the potentials and limitations of this tech- 
nology system for their states. 


Dr. James C. Fletcher 
Page 2 


The completed Task Force Final Report is being foxr^arded to your office 
through formal contract procedures. 

Thank you for your time and attention. 


Sincerely, 



Project Director 

SMB:pw 

Enclosures 

cc: Donald Goedecke 

Acting Director of User Affairs 

J. Hugh Nichols 
Task Force Chairman 
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WHEREAS, the National "Conference of State Legislatures' 
Task Force on Satellite Remote Sensiitg for State Policy Formulation 
has conducted a six-month, intensive review of State uses and 
tential uses of remotely sensed information; and 

WHEREAS, the Task Force has found innumerable State acti- 
vities about which more informed decisions could be made with the 
systematic availability of remotely sensed information; and 

WHEREAS, these activities have included agriculture, 
forestry, natural resources conservation and development, minerals 
extraction and reclamation, energy conservation, air and water 
pollution detection and many others; and 

WHEREAS , much recent Federal legislation, such as the 
Coastal Zone Management Act of 1 972, has levied substantive re- 
quirements upon the States that can best be fulfilled by new and 
expanded information; and 

WHEREAS, the National Aeronautics and Space Administra- 
tion's Landsat Program has provided data on a developmental basis 
that has contributed to the States’ ability to meet their expanded 
responsi bi 1 i ti tes under many Federal programs, and 

WHEREAS, the National Aeronautics and Space Administra- 
tion has proposed a Landsat Follow-On Program to operationalize 
the data collection process of the Landsat Satellites; and 

WHEREAS, this proposed Landsat Follow-On Program v/i 1 1 pro- 
w je for improved data collection capabilities as well as assure 
continuance of the current process; and 


WHEREAS, the National Conference of State Legislatures' 

Task Force on Satellite Remote Sensing has found numerous State 
agencies successfully using this new tool experimentally but 
reluctant to make long-term commitments because of the uncertainty 
of the future operational availability of data; and 

WHEREAS, the National Conference of State Legislatures' 

Task Force on Satellite Remote Sensing has unanimously approved a 
motion urging Congressional support for approval of the Landsat 
Follow-On Program as well as urging active State support of that 
Program; therefore 

LET IT HEREBY BE RESOLVED, that the National Conference of 
State Legi.slatures urges Congress to assure the continuance of the 
satellite-based natural resources information collection by approval 
pf the Landsat Follow-On Program. 

Sponsored by Delegate 0. Hugh Nichols, Maryland (for the Task Force) 
Co-Sponsored by Senator James A. Mack, Arizona and Robert Testa, 

'.al ifornia. 
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22 June 1976 


Dr. James Fletcher, Administrator 
National Aeronautics and Space 
Administration 
Washington, D.C. 20546 
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Dear Dr. Fletcher: 


At the quarterly meeting of the Executive Committee of the 
Southern Growth Policies Board held in Tallahassee, Florida on 
June 11, a resolution was passed unanimously supporting the con- 
tinuation and improvement of NASA ^ a Lan'dsat Follow-On Program. 

I am enclosing a copy of this resolution as directed by the SGPB 
Executive Committee. 


Our experience in dealing with our member Southern states in 
developing policies for the management of the South’s land and 
natural resources has given the Southern Growth Policies Board an 
opportunity to observe the benefits of the Landsat program to state 
and local government. Enclosed is a state-by-state summary of how 
Landsat data is being used to support efforts to manage land and 
natural resources in the South, 


We believe that the utility of Landsat data and the benefits 
expected to be accrued as a result of its use are based on the 
following capabilities and characteristics of Landsat generated 
information : 


(1) 
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In numerous geographic regions the availability 
of Landsat data with reasonable costs provides 
the planners and resource managers \;ith the o nly 
existing coverage and enables them to obtain- an 
initial analysis of the land use activities and 
land capability of the area. Without the avail- 
ability of Landsat data, the cost of conventional 
data would often be too prohibitive to permit 
data coverage and analysis of such areas. 

In selected applications, Landsat provides a 
mo re economical and effective means to accomplish 
resource planning and mangement functions which 
are presently performed by conventional aerial 
and ground surveys. 
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^-*(3) Landsat provides planners and resource managers 
with a direct source of timely and current data 
which enables them to monitor the changes occurring 
in a large land area in a frequent and systematic 
manner. The frequency of repetitive data is a 
n ew and powerful capability which improves the 
ability of planners to monitor the dynamic nature 
of certain natural resources and better appreciate, 
compare, and coordinate the planning activities 
of regional and local jurisdictions, 

(4) Due to the inclusion of fewer system variables, 
the Landsat generated product is more uniform an d 
standardized in all aspects and often more accurate 
over extensive geographic areas. The high level of 
aggregation of Landsat data is also significant 

in that it provides a uniform product to be uti- 
lized at higher and broader jurisdictional levels 
without necessitating the expense and time required 
to aggregate detailed data often generated with 
systems having varying technical parameters, 

(5) As a result of its synoptic coverage, Landsat 
provides a superior and more economical discrimi- 
nation mechanism with which to identify and d e limit 
areas which are critical or in the process of change, 
and require additional analyses using more detailed 
survey techniques, 

(6) The compatibility of Landsat data with computer- 
implemented processing and classification techniques 
and geo-based information systems enables Landsat 
data to be easily integrated and analyzed in con- 
cert with other data. The implications of the 
compatibility of Landsat with computer processes 
nre extremely positive and include reduced pro- 
cessing time, timeliness, increased objectivity, 
extraction of increasing information detail, flexi- 
bility of scale and format, compatibility with 
information systems and computer modeling, and a 
capability to aggregate data at varying levels, 

(7) Due to inherent characteristics of Landsat data 
such as its synoptic view or its spectral perspec- 
tive; it is capable of extracting new’ information 
about the environment which is no t capable of being 
acquired by conventional techniques. 
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Based on the experience of its member states with the present 
Landsatj the SGPB firmly believes that it is in the interest of 
the South, as well as the Nation, that NASA be provided with the 
appropriate resources to build upon the very substantial progress 
which it has made in recent years toward the development of an 
operational earth resources survey satellite capability. The 
increased spectral sensitivity, spatial resolution and the improved 
data distribution system will enable the using organizations to 
extract increasingly detailed information about a greater number 
of resources and receive the information in a timely manner. In 
addition, a commitment to data continuity represented by the Landsat 
follow-on program would encourage resource managers and user agencies 
in the member states of the SGPB to have confidence in the duration 
of the Landsat program and result in an increased conversion to and 
use of Landsat data to meet their legislative and programmatic needs. 


Sincerely, 




William L. Bowden 
Executive Director 
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RESOLUTION 


IN SUPPORT OF 

THE LANDSAT FOLLOW-ON PROGRAM 
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WHEREAS, the demand for and utilization of natural resources is constantly 
increasing due to an increased population and an increased rate of consump- 
tion per individual, and 

WHEREAS, the supply and quality of natural resources are finite, and 

WHEREAS, the region and the states represented by the SGPB are experiencing 
significant and rapid population growth and development, and 

WHEREAS, the SGPB has taken a strong interest in the proper management of 
the South *s natural resources and has identified specific recommendations 
directed toward optimizing the regional growth and achieving the desired 
balance between economic development and environmental quality, and 

WHEREAS, there is a keen awareness by the SGPB of the significance, increasing 
complexity and lasting impact of decisions which are made relative to the use 
of natural resources in the South, and 

WHEREAS, the SGPB recognizes that an essential requirement for improved 
decision-making and intelligent resource management is an effective informa- 
tion base, and 

WHEREAS, the SGPB strongly believes, on the basis of previous experience, that 
the type of information obtained by remote sensing technology from the Landsat 
program is extremely useful to the Southern states in providing the information 
necessary for the analyses of their natural resources, and 

WHEREAS, the SGPB member states have indicated a strong interest and Intention 
to use Landsat data to assist their resource management programs in the future 
and has approved a resolution supporting the expansion, of the Lechnolgy transfer 
capacity at NASA’s Earth Resources Laboratory in Slidell, Louisiana* 

THEREFORE, the Executive Committee of the SGPB hereby strongly endorses the 
continuation and improvement of the* NASA Landsat system through the implementation 
of the Landsat follow-on program and associated user assistance and technology 
transfer efforts as a key step in the provision of improved and cost effective 
remotely sensed information required by the states to effectively manage their 
natural resources* 
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The resolution by the SGPB in support of the Landsat follow-on program is 
based on the knowledge and experience of state, regional and local resource 
managers in the application of Landsat data to earth resource programs in 
the South. The applications of present Landsat data have proven extremely 
useful and provide a basis upon which to expect significant socio-economic 
benefits to be accrued to the states of the South as a result of the continued 
availability of Landsat data. 



William L. Bowden 

Executive Director and Secretary 

Southern Growth Policies Board 


This resolution was adopted by action of the Executive Committee on June 10, 1976. 
As part of the action it was determined that the resolution should be fowarded 
to Dr.- James C, Fletcher, NASA Administrator, and to Mr. Herb Wiltsee, Southern 
Governors Conference, for their consideration. 
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Host of the rneiriber states of SGP 3 are experiencing an 
accelerated rate of grov/th in population and the develop- 
ment of associated service and industrial facilities. As 
a result, the South has been extremely active in the application 
of Landsat data directed to developing an effective 
information base upon v/nich intelligent resour’ce.rianageirient 
can be performed in preparation for the regional growth. 

The applications of Landsat by the states nave been 
diversified and incliide agriculture, coastal zone management, 
forestry and vegetation, land use planning, land suit- 
abilit3'’ evaluation, soil and geolog3s water resources 
management and environmental monitoring. To provide 
a synopsis of these activities, this document will 
describe some selected applications which are being made 
of Landsat by a variety of states a.nd will present a Landsat 
activity profile of a sample of states. 


Several states in the South have developed or are in the 
process of developing Landsat geo-based resource information 
systG:p.s which integrate and combine Landsat data v.’ith 
other conventional ty^pes of data s\ich as economic, demo- 
graphic and oclier natural resources in Cori-'a Irion. This 
type of compu tori zed inf oriAation sy'stem is capabls of 
^-Ivjnegacing, prioritizing, and analyzing the necessary 
attributes of an area of interest for the purpose of land 
sui tabili’cy'- analysis and land use planning. The capability^ 
of Landsat to provide timielyr updates of land cover changes 
to a resource information sy'^stem is a poweful tool .in 
maintaining a current information base u'pon which to make 
land planning decisions. 


The states of •'ississippi, Georgia, Texas and Alaba’ia 
are presently developing t)ie Landsat based information 
systsvi capability. Mississippi is completing the dovelop.Tisnt 
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resoux'cec inf or.'aaxion srystero using; Landsax generated 
data. Texas is utilizing; computer- iinpleinented techniques 
initially developed for wildlife habitat mapping to 
develop a specialized Laiidsat based infornation system 
for use in the Coastal Zone Tanagement program which v/ill 
be ultimatelj" integrated into the existing Texas Natural 
Resources Information System. Alabama is also developing 
a Iiandsat based land system which \.’ill utilize a inultisource 
base of Landsat data aerial photography and ground truth 
data. The system will be directed toward landscape change 
detection, monitoring resource development, monitoring 
forest and agricultural practicesj and monitoring environ- 
mental impacts. 


Landsat data has been used by a number of state geological 
surveys for terrain evaluation and as a.n update to their 
kno'wledge of geological structures in their state or 
region. The geological uses of Landsat data in the South 
have been successfully utilized for two basic purposes; 

(a) construction, revision or edit of geologic naps, and 

(b) significant input to mineral and petroleum exploration 
strategies. The upda.be of geologic maps and and the 
associated increase in the knov:ledge of regional geology has 
significant, applications in hazard assessriants, and 
overa.ll la.nd suitability analysis. As an example, 

Landsat data \/as used as a significant contribution to 

a regional site selection planning survey of the Delmsrva 


Peninsula concerned -w-ith determining c'.ie most compatible 
location for the possible siting o.f ten nuclear pov;er 
plants in the future. The siting of the Plants 'was eval- 
uated on the basis of selected criteria or earth resources 
inforraation.' Landsat data '..'as utilized e.s the r>ost economic 
means to acquire spatially oriented data on four of these 
criteria: (a) vegetation, (b) land use, (c) surface 

'..■ater, and (d) linea.r features. Considerations of j^oologic 
stabilily are equally important in the siting of da-ns 
and assccia.tcd water ii'ipoundw.onts , and residential ecnmimitics 
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of Landsat daxa in this effox’l: saved several man years 
of Y/orl: in planning; prorrams v;hich v'ere designed to map 
the characteristics of these deposits. In addition, the 
detection of extensive zones of moisture were useful in 
updating the knowledge of subsurface geology of the river 
flood plain. The Alabama Geological Survey developed a 
statewide geologic linear map and used Landsat to monitor 
exte^xsive changes to the Alabama coastline and up date 
coastal zone maps . 

One of the most pov/eful and new capabilities provided by 
Landsat is the ability to monitor large geographic areas with 
repetitive coverage and detect significant changes occurring 
in land cover and subseqxiently land use. The state of 
Maryland used this capability to detect and delimit the 
development of built-up land use in the Baltimore-h'ashington 
corridor. The Southv/est Florida Municipal Transportation 
and Urban Development Agency used Landsat as. an information 
source in the production of Existing Conditions Reports 
and Environmental Impact Statements that are necessary 
in support of power plant licensing procedures. 


The Virgj.niaState 'Jater' Conurol Board is conducting a 
pilot program vdth KASA involving the inventory of land use 
\-'ith Lands? t and the evaluation of xhe impact of improper 
land use on ’/ater quality in Svdft Creek Reservoir. 

In addition, a number of counties iii Virginia vdxich are 


recioients of SrA 


sec uion 20 8 Area,v/ide 


te Treat'fient 


Program grants have contracted with LarthSat Corporation 
to use landsat for the inventory of land use in the region 
to determine the possible x>resence of pollution producing 
land T>rocesses. 

One of the most coromon applications of landsat* s capahility 
to detect change .in land cover is in the a.rea of scrip 
"lining and land reclamation iaoni boidng . i}ie sxates of 
iiaryland, Tennessee and Alabama have successfully utilized 
Landsat for the strip mining application. Ac an onanrle, 
tile State of Maryland enaeped a coal strip mining law* in 
196? vhich_ required the regulation, monitoring and reclsnation 
of strip mines To pev'for.m its reg\;iatory function, che 
Maryland State Bureau of Minos, needs infer. lati on on 
xhe location, size and condition of coal surface mining 
aree.s . j.n order to obtain xhis information, the Bureau 
of Mines used computer- implemented technic’.?es to identify, 
classify and measure strip-mined lands in .‘es rem Maryland. 

The J_andsa,t based methodology is considei-ed by xhe Bureau 
of Mines as an accurate, r'apid and cost-effective manner 
to provide an upda.te and cross reference for field 
determined mining and reclamation data. The avera.me 
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accuracy of Landsat jneasured strip riined lands v.-as 93 percent. 

It must "be strongly emphasized that the s^moptic view and 
repetitive coverage of Lane’ sat data often provides the 
only economically feasihle means to monitor a large 
geographic area and dexect c’nange on a frequenx basis. 

This capability will "oecoine even more significant v--ith the 
increased spectral sensitivity and spatial resolution of 
the X-andsat follov.'-on program. Cnee inf ox'mation relative 
to this canability is diffused to the lav/ and policy 
makers* level it v/ill have an impact on the creaxion of 
new legislation. 


In order to provide a synopsis of the Landsax activities 
in some sample SIPB member states, xhe following activity 
profiles are presented for the states of Texas, Louisiana, 
and Missouri s 

(1) Texas 


integrated 
Texas as well 


•A State Remote Sensing 3ubcomm3.xtee has 'oeen esta- 
blished by the Texas Natural Resources Information 
System (NRI3) Task Force to develop an 
and long range remote sensing' plan for 
as to ’nandle dail^f requests. 

•A Systems Central has been esta'olished as t’ne point 
of all user interface v/ith the Texas NRI3 . A su'oset 
of this organization is devoted xo servicing users 
of roi.iote sensing data. To eTfectively serve t’r.ese 
users. Systems Cenxral has a direct terminal linK 
to the ERGS Data Center at Sioux Falls, South Dakota. 

•Using a LARSYS terminal, the Office of the Governor, 
in conjunction v/ith the University of Texas conducted 
a training program directed xov.ard the use of com- 
puter implemented classification techniques. Approxi- 
mately 70 people from state anc3 regional federal 
agencies were trained during this progi'am. Follow-- 
on training prograios have trained an additional 33 
sxate people. 

•As a result of Ccr.gressional legislation specifying 
the inspection of darn safety, Texas xrsed Landsat 
data as an aid in the inventory of 4240 dams each 
impounding 50 acre-feet or more of v/ater. '.'.‘ixh 
an annual, construction of 200 la.kes, the Texas '.'axer 
Developr'.enx Board is preparing for a periodic 
inventory uedaxe using lan-lsat. 

•The Texas faz'/.s and 'f'ildlifo D zu.az- tment develcped 
the.ir' ov.n computer classification algor.l fens to perform 
an inventoz'y of wildlife habitat in the 3:a‘..e. 

•Presen tl\', the General T.-and Office is uxiiizina Land- 


sat data :n the Texas Coastal Zone hara 
The coiipucer implemented classif ica '.-icr. 


/ij'.snx rrogram, 
technioues 



5 


ORIGINAL PAGE IS 
OF POOR QUALITY 

developed for vdldlife habitat napping have been 
converted and are being utilized, in an information 
system context, for coastal zone managen'enr . 

'The Texas h’ater Quality Board is using Landsat data 
to monitor land use in river basins and correlate 
the land patterns with water quality. 


( 2) Louisiana 

•Landsat data were used by Louisiana state agencies 
to record the levels of the April, 1975 floods 
and to document Louisiana’s request for a major 
disaster declaration. 

•The Louisiana Offshore Terminal Authority has 
initiated plans to utililize Landsat data in moni- 
toring construction and operation of the Louisiana 
deepwaxer port and related land use changes onshore . 

•Louisiana, in concert vdth U3GS and NASA is taking 
steps to incorporate Landsat data into the State's 
land classification system. 

( 3) Tiissouri 

•The Interdepartmental Council on Natural Resources 
Information catalogs remote sensing data, determines 
user needs and develops educational programs in 
remote sensing. 

• The [Missouri Bepartnenx of Conservation used Land- 
sat daxa, supplemented -vith aerial photography to 
produce an analysis of timber type and production 
potential, and an evaluation of wildlife and 
recreation potential in the Grand Platte River Basin 
•Presently, the Soil Conservation Service, the Univer 
sity of i'issouri Agricultural Experiment Station 
and the Forest Service are using Landsat data to 
develop updated general soils maps of the State. 
•J.andsat data is used as a vay of readily updating 
land use changes and assisting in verifying any 
prediction trends by Lissouri planners. 

•The I.'issourj Geological Sui’vey has used T anc3sat 
daxa to produce an updated reo] ogic map of the 
State and a mineral resoi>rce inventory. In addition 
a mined lands .inventory is currently being conducted 
v.’ibh Landsat data. 


The specific references and activities rela 
\,’ere presented in this document to demonsxr 
successful' nature of Landsat use by member 
In this context, it provides a detailed sup 
to the SGPB resolution passed in support of 
on program. 
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PACIFIC NORTHWEST REGIONAL CO?v1M!SSION 
1205 Washington Streot 
Vancouver, Washington 9SCG0 

July 15, 1976 
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205 696-2581 


Dr. James C. Fletcher, Code A 
National Aeronautics & Space 
Administration 
Washington, D.C. 20546 


Dr. Vincent E. McKelvey 
U.S. Geological Survey 
Res ton, Virginia 22092 
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Dear Dr, Fletcher and Dr. McKelvey: 

We are writing to express our pleasure at the results 
of our joint Land Resources Inventory Demonstration 
Project. The application of the techniques developed 
under the project will provide our three states with a 
new, more effective, and less costly source of manage- 
ment data from space- age technology - primarily Landsat. 

We are now at the midpoint of the chree year project in 
evaluating and demonstrating remote sensing over a wide 
range of disciplines. Participation in the project in- 
cludes over 35 agencies and 100 state and local personnel. 
In the State of Washington, for example, major partic- 
ipants include The Department of Natural Resources, The 
Department of Game, and The State Office of Community 
Development, which assists in coordinating local govern- 
mental participants. Oregon participants include The 
Departments of State Forestry, Water Resources, Fish and 
Wildlife, Land Conservation and Development, Agriculture, 
and Transportation. Idaho participants include the A.D.A. 
Council of Governments and the Departments of Water 
Resources, Lands, Fish and Game, and Agriculture. In 
addition, the five major Northwest Universities are active 
participants . 

We believe the project is innovative and unique in both 
scope and methods and will provide a pattern for other 
regions. The follov\/ing is a brief discussion of some of 
the project's activities and results to date. Initially, 
the project is exploring application of Landsat data in 
five disciplines - forestry, agriculture, range, noxious 
weeds, and urban development. The potential for both 
monetary savings and improved resources management in these 
areas was expected to be high. The demonstrations to date 
support this initial expectation. 
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In forestry, Landsat data will assist in providing accurate 
inventories of timber volume. In addition to modernizing 
procedures that have been highly labor-intensive, thereby 
reducing the costs of forest management, it allov/s more 
timely acquisition of information on forest condition and 
productivity . 

For example, the Washington State Department 
of Natural Resources is utilizing Landsat data 
for a Western Washington Forest Inventory 
(10 million acres) . While this inventory 
could have been accomplished by standard 
methods v^ithin two years at an estimated 
cost of $2.0 million, the current estimates 
indicate that using Landsat data will allow 
a comparable inventory to be completed in one 
year at a cost of approximately $200,000. 

In agriculture, an evaluation can be made of the extent of 
irrigated versus non-irrigated croplands, and the crops 
grouped by water use. This will contribute to more rational 
and economical use of available water-. 

The Idaho Department of Water Resources is 
using Landsat data for inventorying 4 million 
acres of irrigated lands along the Snake 
River. Existing data are up to 10 years 
old, though spot updates have been made. 

Approximately 100 people are now employed 
to gather and evaluate data by present 
methods. Utilization of Landsat will provide 
a current data base for more effective manage- 
ment, by monitoring change and providing inputs 
into water resource models, thus allowing for 
more effective utilization of the existing man- 
power . 

Landsat data is being used to help the livestock industry 
reduce cattle deaths by identifying the location and spread • 
of Tansy Ragt^rort, a noxious weed. 

The Oregon Department of Agriculture has the 
task of inventorying and controlling Tansy Rag- 
wort in the state. Tansy Ragwort infests some 
16 counties in Western Oregon and 10 counties 
in Western Washington. The losses in livestock 
alone to this weed are estimated to between 1.5 — 

10 millions of dollars per year. Remote sensing 
is the only feasible method for effectively 
identifying heavy infestations in remote areas, 



and monitoring of eradication methods. 

For effective control the areas must be 
monitored four times per year. The depart- 
ment expects to utilize Landsat data oper- 
ationally in the monitoring and inventorying 
of Tansy Ragwort. 

In the range discipline it has been found that data can 
be provided for more efficient stocking and grazing practices 
by determining range condition and productivity. Furthermore, 
this information will contribute to a reduced disruption of 
the ecological balance and improved preservation of wildlife 
and big game recreational areas. 

The Oregon Department of Fish and X-Jildlife 
is using Landsat data in mapping wildlife 
habitats. The specific application relates 
to a five-year program to survey i:he summer 
habitat of the mule deer. The population of 
these animals has been decreasing. This 
decreasing population may be due in part to 
reduced summer forage. Approximately 1.5 
million acres of rangelands scattered through- 
out the state must be monitored. The Depart- 
ment plans to use Landsat data operationally 
starting July 1, 1976, specifically for the 
mule deer summer habitat survey. 

Finally, in the urban discipline, efforts are directed 
toward a determination of the amount of the undeveloped 
land within city boundaries and an assessment of the rate 
at which urbanization is encroaching on prime agricultural 
and forested lands. To the urban planner, this means 
more efficient and economical land use. To the average man, 
this holds the prospect of reducing urban sprawl and pre- 
serving natural resource areas. 

In Idaho, the Ada County of Governments is 
using Landsat data to assist in monitoring 
urban change. A recent , survey to update 
available, data on the location and extent of 
vacant lands in the City of Boise- involved 
15 full-time workers for a full year and cost 
$70,000 using current methods. Annual updates 
are desired. The same survey was accomplished 
using Landsat data in one man-month as compared 
to 15 man-years using current methods. Com- 
parison of results from the two approaches was 
within 98% accuracy. 



Page 4 


Additionally, there is an interesting and significant 
side benefit to the multifacited nature of this project. 

We believe it will greatly assis-t in the transfer of 
technology to the states. We have involved that "critical 
mass" of individual agency participants that is a pre- 
requisite to proving the overall value of Landsat on a 
statewide or regionwide basis. It is that proof that will 
encourage others to take advantage of the unique benefits 
to be derived from Landsat. Because of the positive results 
demonstrated to date, the Land Resources Inventory Task 
Force is developing a plan for implementing an operational 
system based on Landsat data. Careful consideration will 
be given to a gradual implementation process which recognizes 
the political and financial realities and limitations of 
agencies, states, and/or regions. 

As you are aware, the acquisition of equipment and changeover 
to a new data base can be an expensive proposition, par- 
ticularly for states. While increased capability (resolution, 
etc.) is always important, the most critical element is con- 
tinuity of data. Without assurance of continuity, states 
cannot accept the risks of utilizing Landsat data as a primary 
tool, valuable though it is. Accordingly, because we believe 
the results to date have demonstrated conclusively the value 
of remote sensing, the commitment to a continuous Landsat 
program is essential to meet the needs not only of our region, 
but of other states as x\’ell. 

We xTOuld like to extend an invitation for you to visit the 
Pacific Nortlwest to view for yourself some of the Landsat 
applications . 

Sincerely, 


PACIFIC WORTHIEST REGIONAL COMMISSION 
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Governor Robert Straub 
State Cochairman 


Jack 0. Padrick 
Federal Cochairman 
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T E N N E S S E E V A L L Y A U'f HO R IT Y 

KNOXVILLE. TENNE!:^i.'EE: 37902 


June 22, 1976 


Dr. James C. Fletcher 
Administrator of MSA 
NASA Headquarters, Code A 
Washington, D.C. 205^6 


Dear Dr* Fletcher: 

The Tennessee Valley Authority has made a commitment to implement an 
operational earth resources information system which will enable TVA 
to efficiently utilize spatial data for regional planning, siting, 
and assessment activities during the 1980^9. An integral part of 
this system will be information derived from Landsat data. Our use 
of the completed system will be in the area of broad natural resource 
planning, forest land management, forest industry siting, power 
facilities siting, and environmental assessment work. It is critical 
to the current planning and design phase of this system that there be 
continuing availability of earth resources data from Landsat-'type 
satellites through the 1980^ s. Furthermore, there is a need for 
increased spatial and spectral resolution. 

One of the recent successful uses that TVA has made of Landsat data 
has been in the area of EPA 208 Water Quality Planning in cooperation 
with the Knoxville Metropolitan Planning Commission. Although 
Landsat information was found useful for determining broad land-use 
classes, uhere was a need for finer spatial resolution such as that 
proposed in the Landsat follow-on program of 30 meters. In urban 
areas this resolution is critical in pinpointing development problems 
in settings where omer ships and land uses have a high degree of 
diversity. 

TVA has successfully used Landsat data in the past for determining 
broad classes of forest types as an aid in preparing forest management 
plans, To efficiently use this data, however, there is a need for 
further breakdom of forest types by species rather than the broad 
categories of hardwoods and conifers. This will be possible through 
the increased resolution proposed with the Landsat follow-on — particularly 
the three near-^IR bands. 

Through both experimental and operational work utilizing our o\>m 
thermal scanner, TVA has shown' the feasibility of using thermal IR 
data for environmental monitoring of steam plants* An addition of 
a thermal IR channel in the Landsat follow-on program should enable 
TVA to more effectively detect and monitor sudden changes in water 
temperatures across the Valley in a timely manner* 
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Dr. James C. Fletcher 


June 22, 1976 


TVA presently has a remote sensing section within its Division of 
Water Management. Arrangements have been initiated for institutionalizing 
the mechanism^ for utilizing Landsat data within TVA and with Valley 
cooperators. The success of TVA^s planning for an earth resources 
information system is dependent to a large degree upon the commitment 
by other agencies, such as NASA, to continue providing remote sensing 
data in the next decade; i.e., the Landsat follow-on program. 


Sincerely 




^John S. Barron 
Assistant^ to the General Manager 
(Planning, Budget, and Systems) 


CC: Mr. Russell L. Schweickart 

NASA Headquarters 
Director of User Affairs, Code EK 
Washington, DC 20546 
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GOn/ERNOR 


July 7, 1976 


Dr. James C. Fletcher 
Administrator of NASA 
NASA Headquarters - Code A 
Washington, D.C. 20546 

Dear Jim; 
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I am writing to convey the endorsement of the states 
comprising the Federation of Rocky Mountain States for 
NASA's proposed LANDSAT follow-on program. 


The Federation currently has underway a well-coordi- 
nated NASA-funded LANDSAT project using a digital satellite 
and ground-source data to conduct land use analysis. This 
new approach to acquiring and analyzing land use data provides 
planners m the region an inexpensive and objective source 
of data for developing a regional land use inventory. 

The proposed capabilities of the LANDSAT follow-on 
program would provide additional benefits through increased 
amounts of information supplied in more varied and usable 
form and on a continuing basis. The vast expanses of this 
Rocky Mountain Region unquestionably lend themselves to the 
use of remote sensing techology. The resolution of new 
problems facing this region as a result of the energy 
onslaught in the Rocky Mountain states requires the appli- 
c^^ion of LANDSAT and its associated technologies. 

Therefore, I am authorized by my colleagues in the 
Federation to indicate our desire to see the LANDSAT follow- 
on become a permanent part of the federal government's data 
collection efforts. This will allow our states the opportunity 
to continually utilize this information as a part of our 
planning an’d policy making process. 


You will be pleased to know that our regions assessment 
of the LANDSAT program as one of the most significant achieve- 
ments of the U.S. space program is concurred in by the 
National Governors' Conference which earlier this month 
adopted the enclosed resolution at our annual meeting. 
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THE GOVERNORS ARE BECOMING INCREASINGT.Y AWARE OF THE SIGNIFICANCE AND 
IMPORTANCE OF THEIR TIMELY NATURAL RESOURCES MANAGEMENT DECISIONS. THESE 
DECISIONS ARE BECOMING INCREASINGLY COMPLEX AND DIFFICULT DUE TO SUCH 
FACTORS AS CROWING COMPETITIVE DEMAND FOR RESOURCES, DWINDLING AVAIUABILIIY 
OF KEY RESOURCES, INCREASED RATE OF RESOURCE UTILIZATION, THE EXPANDING 
REGIONAL NATURE OF DECISIONS AS WELL AS RESULTING tMPACTS, AND THE NECESSITY 
TO ACHIEVE THE DESIRED BALANCE BETWEEN ECONOMIC WlCLL-BKING AND ICtlV IIUINMEM’AL 
QUALITY . 

STATE, REGIONAL AND LOCAL RESOURCE MANAGERS ARE INCREASINGLY I.OOKING TO 
REMOTE SENSING TECHNIQUES, AND IN PARTICULAR THE LANDSAT PROGRAM, AS AN 


IMPORTANT NEW TECHNOLOGY THAT CAN MAKE A SIGNIFICANT CONTRIBUTION TO THE 
INFOIWATION BASE REQUIRED FOR IMPROVED RESOURCES MANAGEMENT. THE IMPROVED 
AND TIMELY RESOURCE DECISIONS RESULTING FROM THE AVAILABILITY OF IjVNDSAT- 
GENERATED DATA HAVE IMMEASURABLE BENEFITS. THESE BENEFITS INCLUDE IMPROVED 
RESOURCE MANAGEMENT, MAINTENANCE OF F-NVIRONMLNTAL QUALITY, AL'D THE REDUCTJON 
OF FUNDS AND RESOURCES WASTED AS A RESULT OF DELAY AND L1TK5ATION ASSOCIATED 
WITH UNRESOLVED LAND MANAGE^^ENT ISSUES. 

THE GOVERNORS, THEREFORE, RESOLVE TO SUPPORT THE LANDSAT FOLLOW-ON 
PROGRAM IN ORDER TO ASSURE CONTINUED AND IMPROVED DATA FOR USE IN NATURAL 
RESOURCE DECISIONS BY THE STATES. 
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Southern Governors^ Conference 

33S4 PEACHTREE ROAD, N E. « SUITE 610 
ATLANTA, GEORGIA 30326 


SSCKSTARIAT: 

THE COUMCJL of STATE GOVERNMENTS 
SOUTHERN OFFJCE 
404/26 6*1271 


October 15, 1976 


Dr. James C. Fletcher 
Adiuinistrator 
National Aeronautics and 
Space Administration 
400 Maryland Avenue > SW 
Washington, D. C. 20546 

Dear Dr. Fletcher: 
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It is my pleasure, as Chairman of the Southern Governors ' Conference 
to enclose a copy of that Conference's resolutions adopted September 1 
in Williamsburg, Virginia. 

I call attention to Resolution No. 7, "The Landsat Follow-Oa Program." 
Ky best wishes. 


^ffiG/selc 

Enclosure 


original PAG^ 
OF POOH CiUALm 


Sincerely, 

Governor of Virginia 
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And furthar, the Southern Governors’ Confereurc urges the Congress, the 
Adinin.lGt ration, and the states to take steps to effect needed coordinated public 
transportation, to eliminate unnecessary duplication among service providers > and to 
improve public mass transit's effectiveness and efficiency. 


6 . FOCICIGS TO IMPROVE ANAL YS IS AkP REVIEW OF Rf lG ULATIOl^S 
mon THE U, S. DI:FART?-^KT of TOA»S^SPORTAfION 

The U. S. Department of Transportation, Office of the Secretary, on April 16, 

1976 issued new procedures to improve analysis and review of e 2 d.sting of future 
regulations. These new procedures require divisions within the U.S. DOT to evaluate 
anticipated impacts of new regulations on all parties involved, to use this evaluation 
of new regulations to determine their desirability and to include a bxief summary of 
the evaluation and analysis in the notice of proposed and final regulations. Further, 
any potentially costly or controversial regulations trust be submitted 30 days in 
advance of a notice or proposed rule-making to the Office of the Secretary for 
evaluation- Finally, each .division trithin the U- S. DOT must establish structured 
processes for parties affected by existing regulations or grant programs to assess 
and recommend changes. 

The Southern Governors* Conference believes that the internal evaluation pro- 
cedures for new regulations are a positive step toward raiuimization of promulgation 
of unnecessary, burdensome, or poorly conceived regulations. Tliese procedures may, 
in the future, reduce the red tape and over- regulation of programs and projects In 
which the States participate. 

In addition, the Southern Governors* Conference believes the opportunity for 
the States and other involved parties to assess and review existing rules and 
regulations to accommodate changing circumstances and conditions will be very beneficial 
for all parties concerned. This procedure will enhance intergovernmental relations 
and permit the Federal government periodically to receive Input from the actual 
**iflipleiiien tors'* or users of federal programs and find which rules, regulations, or grant 
programs are or are not working and why. 

The Southern Govetr^ors* Confexeiice fully supports these concepts to reduce the 
probability of unwieldy and unneeded rules and regulations and compliments the 
Secretary of Transportation on his efforts to implement these clianges- The Southern 
Governors* Conference believes a tremendous improvement in these procedures could be 
achieved by permitting the States and other involved parties to participate in initial 
U. S. DOT departmental evaluations and assessments of ne\7 regulations to complement 
development of the states* participation in review of existing regulations. 

7. THE LAHDSAT FOLLOW-Oi‘I PROGPAM 


TvIlEFFlAS, the demand for and utilization of natural resources is constantly 
increasing due to an increased population and an increased role of consumption per 
Individual; and 

\vIlEK£/\S, the supply and quality of natural resources are fiiite; and 

hllElCEAS, the kegion and the States coaprising the Southern Governors* Conference 
are expuriencinj significant and rapid population growth and development; and 
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WHEREAS, the Southern Governors’^ Conference has talcen a strong interest in the 
proper oanagement of the South^s natural rc50»:rccs and has identified specific 
recoiTanendations directed to^vard optiiRizing the regional growth and achieving 
the desired balance between econonlc develop -r.ent and envir onir.cn tal quality; and 

X-IHEREAS^ there is a keen awareness by the Governors of the significance, 
increasing complexity and lasting impact of decisions which are made relative to the 
use of natural resources in the South; and 

I'HiEREAS, the Southern Governors’ Conference recognizes that an essential re- 
quirement for improved decision-toalcing and intelligent resource management is an 
effective information base; and 

ITllEPvEAS, the Governors strongly believe, on the basis of previous experience^ 
that ^he type of information ob tallied by remote sensing technology from the Lancisat 
program is extremely useful to the States in providing the Infornatlon necessary 
for the analyses of their natural resources; and 

17HER.EAS, the Governors have indicated a strong interest and intention to use 
Lands at data to assist theijr resource managemeut programs in the future, and they 
support the expansion of the technology transfer capacity at ^jASA's Earth Resources 
Laboratory: 


NOW, THEREFORE, BE IT RESOLVED that the Southern' Governors ’ Conference hereby 
strongly endorses the continuation and improvement of the NASA Landsat system 
through the itaplementation of the Landsat follow'-cn program and associated user 
assistance and technology transfer efforts as a key step in the provision of 
improved and cost effective remotely sensed information required by the States to 
manage their natural resources effectively* 


8* CLEARINQiGHSH OF CORRECTIONS AND iCimL HFALTH I!IFORl^\TION 


Because of fast-breaking developments in areSvS affecting Corrections and Mentnl 
Health systems, a valuable service could be provided states by the estahlishmeiit of 
a Clearinghouse of Corrections and Mental Health Infon^ation* This body could be 
utilized by state policy-itiahcrs, adialnistrative agency heads, Attorneys General and 
others tc exchange information on such areas as new litigation, court rulings, 
techniques in solving mutual problems, and programuiatic ideas* 

The Southern Governors’ Conference asks that Its incoming Chairwau explore, 
and If found feasible, implement a mechanism to provide states of Uiiu region with 
needed Information concerning new developments in the area of Corrections and Mental 
Health systems. 


9* REfICCTIVE STATE/ LQCAL/FEDERAL ROLES IN RESOURCE 


State and local governHients have historically retained responsibility and 
jurisdiction for planning and management of the utilization and development of 
physical or land resources within the various states, that are held privately and/or 
by state and local governmental units and entities. 
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State of Alabama 


George C. Wallace 

GOVCRNOR 


GOVERNOR'S OFFICE 
MONTGOMERY 

April 2, 1976 


Dr. James C. Fletcher 
Adrainis trator 
National Aeronautics and 
Space Administration 
Washington, D. C. 20546 

Dear Dr. Fletcher: 

The State of Alabama has always received outstanding support 
from the National Aeronautics and Space Administration and, in 
particular, from the Marshall Space Flight Center in all mutually 
compatible programs. We are presently engaged in programs requir- 
ing the use of satellite derived information. Since Landsat 1, we 
have used data made available to us in our state planning program. 

It is difficult to quantify the benefits accrued or project 
in terms of cost savings because the availability of this in- 
formation on a recurring basis will allow us to do things we 
could not do otherwise. Some of these include landscape change 
detection, monitoring resource development, monitoring forest 
and agricultural practices and monitoring environmental impacts. 

are in the process of developing a land use system based 
on Landsat data. This system will combine ground- truth data, 
aerial photography data and Landsat data. This system is being 
developed through the joint cooperation of the MSFC, Auburn 
University and the Alabama Development Office, 

Wiile, as I mentioned previously, it is difficult to quan- 
tify the benefits received from the use of the Landsat data, I 
believe these benefits are significant. Development in the area 
of land use planning is proceeding at a .deliberate pace. But 
one of the many benefits that is difficult to pinpoint is the 
development of land use planning skills within state' government 
through the effort of building such a system, I strongly sup- 
port the Landsat~C and the Landsat fol]ow-on. I think both are 
necessary and the inprovod resolution will add greatly to the 
utility of Che information. 


GCW-r 

cc: Dr. W.v. . Lucas, MSFC 


Sincerely , 

George C. ^Niiace 
Governor 
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STATE OF ALABAMA 

ALABAMA DEVELOPMENT OFFICE 


GEORGE C. WALLACE 
GOVERNOR 


,C. "RED” BAMBERG 
DIRECTOR 


July 30, 1976 


Dr. James C. Fletcher 
Administrator 

National Aeronautic & Space Administration 
Code A 

Washington, D. C. 20546 
Dear Dr. Fletcher: 


W. M. "BILL” RUSHTON 
ASSISTANT DIRECTOR 
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I would like to take this belated opportunity to expreSi§B^!^^ Mief 
thoughts and my support of the continuation of the "Landsat" program. For 
several years I have watched the evolution and progress of this program. 

In the beginning of this program the possibilities existed for the acquation 
of information we have never had before. The earth resources satellite 
program was very timely. There has been a growing concern over the past 
few years about our finite natural resources and the growth and development 
of society. There is no doubt that we do not have the information nor 
the tools to acquire the information needed in dealing with future growth 
and demand for resources. The "Landsat" program offers us some renewed hope 
in dealing with growth and development in the future. 



Our first look at the picture like information from "Landsat" was 
immediately useful in providing a new perspective of our State. These 
products continue to provide a frequent overview of the area. However, 
perhaps the most useful product from the program is the analysis potential 
available through the digital tapes. Even though we do not have the 
present capability in our office to work with the digital information, 
there is no doubt that this could assist us in many functions called for 
in our charter. This includes land use, and natural resources development 
and planning, monitoring of urban growth, etc. In addition to uses by my 
agency it appears that this same data can provide needed inputs to many other 
state agencies in Alabama. 


Recently I participated as one of six members of a technical subcommittee 
to advise the National Conference of State Legislatures on the satellite 
remote sensing program in state government. Enclosed is a copy of a brief 
presentation I made to this group. The members of the subcommittee agreed 
to discuss different aspects of utilization of the satellite acquired data. 

From the briefing given, there appears to be a universal expression and agreement 
of the many beneficial uses of the information derived from the satellite. 


There also seemed to be universal agreement as to the reason that more 
state governments have not taken advantage of the satellite program. These 
include as stated in the attached presentation: 
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1* The lack of a committment of the federal government 
(NASA & Congress) to establish the ”Landsat” program 
as an ongoing or operational effort. If the states 
established the capability, skills and equipment needed 
for the use by states, of the digital tapes, there must 
be more of a committment that a continual supply of source 
data will be available otherwise in the present mode 
(experimental) the states may be left holding the bag, 

2. The "Landsat" program is still experimental, methods 
of analysis and equipment are still being developed. 

This also makes the states reluctant to establish one 
of the present systems. 

3, There is also an inability to develop an organized effort 
at the state level to provide a framework in which all 
state agencies with experience^ knowledge or need for 

the use of the satellite acquired data, to pull together in 
a common effort for the implementation of the analysis 
techniques req^uired. 

There appears to me to be an important missing link in the development 
of the satellite program for state governmental use. This is an intermediate 
step in the transfer of this technology to state governments. The present 
flow of technology is from a limited experimental mode directly to operational 
systems in state goverrnment. This, in my opinion, is ridiculous to expect 
state government to take this high degree of technology directly from experimental 
procedures. Many states and state agencies including those in Alabama have not 
even become comfortable with computers. I suggest that in the future NASA 
consider the establishment of regional centers. Manned and equipped with the 
technology needed to allow state governmental agencies to go to, bring their 
own tapes, and be able to leave with a usable product. After the states get 
experience with the system and show what it can do, I believe they will establish 
the system in their own states. 

The ADO has for the past few years been involved in the development of a 
system that has the capability of relating various types of geographic informa- 
tion. It was anticipated that satellite acquired data would provide one of 
the major sources of information. Even though we have not implemented the 
system needed to provide the link for the satellite acquired data, it was 
developed with this in mind. The analysis system appears to be working wall 
with data derived from other sources. However, the addition of the satellite 
capabilities would make it much more useful. 



Sincorely yours. 


( 




Wolfram U. Dr ewes 
Resource ELanner 

Agricultxxre and Rural Development 
Department 
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Dr. Fletcher 
Page three 
July 30, 1976 


In summary, I again would like to express my support in the continuation 
of the "Landsat" program and hope it will become an ongoing system. 


Sincerely , 

Walter B. Stevenson 
State Planning Division 


WBS/db 

cc: Mr. Russell R, Schweickart 

Code EK 
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CAN THE USE OF SATELLITE REMOTE 


SENSING ASSIST ALABAMA IN OBTAINMENT OF ITS GOALS 


by 

Walter Stevenson 
State Planning Division 
Alabama Development Office 
Montgomery, Alabama 


for 

The Task Force on Uses of Satellite Remote Sensing 
for State Policy Formulation, National Conference 
of State Legislatures, June 30, 1976, Annapolis, 
Maryland . 



CAN THE USE OF SATELLITE REMOTE SENSING ASSIST 
ALABAMA IN OBTAINMENT OF ITS GOALS? 

Can the use of satellite remote sensing assist the State of Alabama in 
obtaining its goals? The answer to this question is yes and no. There is no 
doubt based on my understanding of the technical capabilities that have been 
developed, that the satellite can be useful in my state. There is also the 
realization that it can not do everything for all people and interests. 

Some of the varied applications I foresee as useful in Alabama include: 

1. land cover identification and change detection; 

2. strip mine applications; 

3. pollution identification, this application appears to be marginable 
with existing sensors, but those planned for the future should make 
this application one of the most interesting; 

4. forest insect and desease detection; 

5. wetland mapping and monitoring; 

6. erosion detection of coastal area; 

7. geologic applications; 

8. natural disaster damage assessment; and, 

9. other applications. 

In specifics I will duscuss several of the interesting applications that 
have been made in Alabama, Many of the applications of satellite acquired 
information are common among the states for example land cover identification 
and change detection, strip mine applications, etc. Some of which will be 
discussed by others here today. Therefore, I will not go into these except 
to say that most appear to be usable and helpful to the requirements for 
information needs in the State, 



Alabama for several years has been interested In the applications that 
might be made with the data acquired from satellites • The Geological Survey 
of Alabama has been a leader in the use of satellite acquired data in Alabama* 

In 1969, the Geological Survey of Alabama used images from the Apollo 9 mission in an 
experimental mode to determine if this type of data could be of any use. Several 
important uses were identified from this data. Perhaps the most important 
finding was the location of relatively straight, long, lineaments that were 
unknown before this type of source material was available. It appears that the 
lineaments ^‘reflect topographic and vegetative differences, which in turn may 
be related to the fracturing of the bedrock.*' The Geological Survey of Alabama 
determined that a relationship existed between the location of the lineaments 
and the location of high yield springs and wells. This provided a link between 
the data acquired by satellite and the conventionally derived information on 
water yields. This type of application is extremely important to the overall 
development of the State, It is impossible to place a dollar figure on this 
type of use. It identified the occurance of geologic conditions that we did 
not know about before the satellite and it would most likely have been years, 
if ever, before this condition was discovered. 

One of Alabama *s most important Goals is to raise the per capita income 
of its citizens and broaden its economic base* The location, availability of 
and understanding of our water resources is a major contributing factor to this 
goal. The satellite acquired data can assist in the identification of new sources 
of sub-surface water supplies. 

Another interesting find relative to the identification of lineaments in 
Alabama was the presence of a lineament that passed directly across the site of 
Logan Martin Dam (15,000 acres.) For many years there had been leakage at this 
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dam site. All efforts to stop the leakage have failed. After the lineament was 
discovered various tests were made that confirmed the existence of an interconnected 
solution feature that coincided with the location of the lineament. The 
Geological Survey now believes that this leakage was caused by ’^preferred 
dissolution of the dolomite of the underlying formation along a fracture zone." 

There is a great deal of interest in using the satellite acquired data 
in future investigation related to the siting of major facilities such as dam, 
power plants and bridges. This type of use like so many more is an example 
of providing new information from which hopefully we will be better able to 
plan the development of the state. There is also the possibility that this 
type of information can prevent potential disaster such as dam failures. 

We had a major break in a new dam a few years ago. The final decision on the 

cause has not been determined. In the dam break in Alabama luckily there 

was no loss of life; however 18% of Alabama Power Company's hydrogenerating capacity 

was lost. There is no telling when this facility will be rebuilt. With 

the continued increase in urban growth in areas of potential damage and the 

increase in the need for energy facilities there is a corresponding increasing 

need for new methods and effort in facilities siting. 

Another interesting application of satellite acquired data was the 
delineation of the length of the coastline of Alabama. The Alabama shoreline 
is constantly changing. Conventional methods ‘do not fulfill the repetitive 
and time factors required. The recorded length of the coastline is 
important to the State. Until recently the methods most often employed were 
related to the measurement of the shoreline length from existing maps. These 
maps or charts are not often updated and the methods used and the scale 



of the map, makes a realistic measurement virtually impossible. Official 
records indicate that the Statens shoreline was about 350 miles in length. 
Through the use of Landsat computer compatible tapes a method was developed 
that can accurately determine the shoreline length. This method yielded 
a length of 811 miles compared to about 350 miles using conventional methods. 
This method will also yield the identification of areas of change in the 
shoreline by comparing different time frames and using the consistent methods 
of analysis. This use has a potential application of being used in the 
allocation of funds for coastal management. 

The last application I will mention is one that has not proven completely 
possible through the use of the existing satellites, however, the capabilities 
proposed for the Landsat follow-on beginning in the 1980 *s will make this 
application possible. The use that I am referring to is the detection of 
the Pine Beetle in the pine forest of Alabama. The Pine Beetle is an 
insect that boars under the bark of the pinetree and in a short time is able 
to kill the tree. The Pine Beetle can produce as many as five generations* in 
a single year. This insect has been called the most widespread and destructive 
insect in the South. It particularly likes the loblolly, slash and the Virginia 
pine stands. The only effective control is the defection of effected stands 
of trees and immediate removal of the tree. 

The key to the effective control is the prompt detection of the beetle. 
Within Alabama we have about 70% of the total land area covered in forest 
and the majority is in pine. The forest industry is one of the largest in 
the State. It has been proven that the use of color infrared photography 
from an aircraft platform was the most useful method available for the 





detection of areas infested with the Pine Beetle • But it is economically 
impossible to get the large scale repetitive coverage needed to use this 
method of detection. An attempt was made to see if the existing Landsat 
data could be used to overcome this problem. The tests results were marginable 
with, existing Landsat capability. However, it is felt that the additional 
capability proposed in the satellite system proposed for the 1980 will provide 
this capability, 

In* the above comments on specific uses of the satellite data in Alabama 
X have tried to focus on some unique uses being made by state agencies to 
state problems- X have not gone into detail on the more common uses such 
as land cover identification, strip mining, wet lands monitoring and other 
applications. 

Currently the agencies of the State of Alabama have not been able to 
develop an ongoing satellite data analysis capability. This can be attributed 
to several reasons including: 

1, , The lack of a committment of the federal government to identify 
the satellite programs as an ongoing or operational effort. If 
the State established the skills and equipment needed for the 
operational use there must be more of a committment from the 
federal government that a continual supply of source data will be 
available. If the state were to go ahead and establish this 
capability and the satellite program were dropped then the 

expenditure and training of people would be of little use. 

2. The sgLtellite program is still experimental and methods of analysis 
are still being developed. This makes states reluctant to establish 
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one of the present systems. 

The inability to form an organized effort at the state level to 
provide the framework for all state agencies to support a single 
facility. There are several agencies in Alabama with experience or 
knowledge of the possible uses of the satellite acquired information, 
however, to date the concerned agencies have been unwilling to pull 
together in a common effort. This problem may soon be resolved by 
reorganization within state government. 

In closing I would like to state that efforts are currently underway 
and nearing completion to develop an automated method of relating the information 
that can be derived from satellite acquired'-sources with information from 
conventional methods. This is being undertaken in the Alabama Development 
Office as a first step in anticipation of integrating the satellite 
information into the state planning process as an ongoing effort. If we 
are to cope with the existing and future problem of growth, resources 
production, pollution, etc. we must look to better ways to acquire information. 
The continueation of the Landsat program can greatly assist State government 


in this endeavor. 



Pim.lP r. I AMOIM MIX 

Si Ur? »sl 'in‘l ')il » j.| ^ <-T>i%ot 

V,\ ETVffRCTT SMITH Gt ORGL V., SV.'ir;DI:L, J^\ 
As?Ti*;IO»»t SiCtc; C/- S*.,|o G/^oUq.M 

opr* rnt I o'»' Adiiiici I ' Ir oi ion 

A. CHAnLCS FRnLMAN 

Aitoincy 


March 29 » 19 7 G 


OEIGESTAL PAGE IS 
OF POOR QUALITY 
j)r. James C. Fletcher, Administrator 
fvIa(!on:il Aeronautics and Space Administration 
\Viislun<jton, D.C. 2054G 

Dear Dr. Fletcher; 

i have been asked by Dr. P, E. LaRloreanx, State Geologist, to respond 
|o your request for comments vith reference to (he sensing capabilities of 
Ihe idanned Lnndsat-C follow-on (Landsat-D). My eoaiimcnfs address the 
j.;<moral requirements in geology, hydrogeology, and associated disciplines. 

Tlie spectral bands apd visible band spatial resolution listed on the 
iiKnchmcnt api)car adequate for our needs. The need for the 0.80-0. 91 
iiilcronictcr ncar-IR bands is not clear to us, as most of that information 
will be available in the 0.74-0,80 micrometer band. 
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The 80-mcter resolution value udll be adequate if this figure represents 
normal conlra.st rather than high contrast scones in the visible channels 
jdoatly, wo are looking for resolution on the order of 10-12 meters but 
vt'iili/'.c tlic technical problems in handling such a quantity of data The 120- 
motrr JH resolution in the two thermal channels is still inadequate but is a 
,.,va( improvement over currently available thermal data from meteor ol ordeal 


The 11:00 AM Loral Solar Time jwss should bo .slufled to cither shorllv 
:,(f. r mi.l-d.v or mtdnfghL al which time ma.Nimmn lomperaluro cxoursion.s 
:liuuld i'c c.i)S(Tval)ie to .support tliennal inertia studic.s. ilowover .such a 
time wm.M not he he.M (o, (ho visihfe clmimel, as g.-olonU-al interprelaUon 
l.en.'lils irum lov sun an-.lo seono.s. Wo suspect (hat the 1 1 :0n AM pa.ss time 
k: pfulml.ly :i lr.i,l,-.on l.'ul i! mav (:ompl•<^lnJ^e (he value ol hull) ehamiels 
I'ei h ip.s (he Ivo ehannel.- .shouhl not i,e ea)Tie,! on II, e s.uno ph.ironu ? 
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Finally, tlio Geological Survey of Alabama recommends that co- 
ordinated field svoj-k be funded to strengthen the analytical or inter- 
pretive link in the system. NASA's technology can benefit the user 
only iiiLolar ay tiie gc-oscientist can use the data,, and it appears 
that this link is the uca.kest. The Slate level sliould remain involved 
in the satellite imagery program and field data gathering is best 
done at this level. We appreciate your interest and welcome the 
opportunity to respond to this request, which came to us through the 
Earth llosources Office at Marsliall Space Flight Center. 

Yours truly, 

/ / /■ /' 

.i:' . / / : '"•/ / - 

C. Daniel Sapp, Chief ^ ' 
Remotc-Sensing/Topography Div . 

CDS/pqc 

Attachment 


xc; C. T. Paludan, NASA 
F. L. Do3'le 
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HufiUviilo, Alabama 35807 


March 24, 1976 


Dr. James C. Fletcher, Administrator 
National Aeronautics and Space Administration 
Washington. D. C. 20546 

Dear Dr. Fletcher: 




Associates of mine at Marshall Space Flight Center have asked 
that I comment on the Landsat C Follov/-on with regard to its appli- 
cation to hydrology. 


The 10.4 - 12,5 micron band seems to have the best potential 
for use in ground water hydrology. Although its 120 meter reso- 
lution is rather broad, the thermal infrared imagery could be a 
valuable tool for making subsurface interpretations in ground water 
hydrology. The same band could also be useful in surface water hy- 
drologic studies, especially where thermal plumes enter large standing 
bodies of water. 


If a finer resolution were possible (say 40 to 60 m.) that would 
be highly desirable for the ground water work, but even as presently 
specified the thermal imagery seems worthwhile. I hope it will be 
included. 


Thank you for the boost to research that space technology gives. 


/ . *.v . : 

* 

4 . I * *.• 




Cordially, „ 


r- 

F. L. Doyle ^ 

Adjunct Professor of Hydrology 
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OFFICE OF 7ME PRiS OS-.' 

FAIRBANKS, ALASKA 9 ©70 1 


Dr. James C. Fletcher, Administrator 
National Aeronautics & Space Administration 
Washington, D. C. 20546 


KA 


July 7 



Dear Dr. Fletcher: 


I want to lend my support to a NASA program that is important to the 
University of Alaska and the community it serves. Tremendous benefits from 
the earth-resources program have accrued to those agencies, both federal and 
state, which manage and control the resources in Alaska, and also to private 
industry whose activities develop these resources for the benefit of the nation. 

The attached list of agencies that cooperate with the University's Geophysical 
Institute in applying ERTS and Dandsat data testifies to the ready market for 
data presently generated by NASA's earth-resources program. 

It is highly desirable that we maintain our momentum into the 1980' s 
with an improved satellite data acquisition system designed for operational use of 
earth-resources data, analogous to the routine applications presently being made 
by the National Weather Service for meteorological satellites. Improved sensors 
in an earth -re sources satellite plus a network for the speedy dissemination of t-e 
space-acquired data should be on our drawing boards now. I am gratified to learn 
that NASA is preparing to do this, so that we may look forward both to continuit>* in 
geographic coverage and to improved sensors. 

At the University of Alaska we have watched with interest and approval ;he 
growing maturity of your technology. Dike any institution with demands that exceed 
available resources, this University must closely examine all proposed programs 
in instruction and research to ensure that each activity meets a continuing demand. 
Because of the importance of space data to the geology of Alaska, we have recently 
added two courses of instruction in remote- sensing techniques to the geology 
curriculum. Further, to meet the demand for data reproduction, analysis and 
interpretation, we have recently committed ourselves to adding two more professional 
staff specializing in remote- sensing applications in ecology and applied researc'-. 
These are in addition to the three faculty and professional staff members in this 
field. 
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July 7, 1976 


Certainly, we believe in t*he future of remote- sensing tec'^nology as applied 
to the management of resources. The University of Alaska ^as extended itself to 
accommodate this growing new tecl>nology that s*^ows great promise for Alaska and 
vrhich T^as already yielded gratifying results, T”*^e University is pleased to endorse 
and encourage the plans for the NASA follow-on to the Landsat program, 

I wish you every success. 


Sincerely, 

Robert W. Hiatt 
President 


RWH:dm 

Enclosure 

cc: Dr. Mather 
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Federal Government Agencies 

U.S. Army Corps of Engineers 
USDI/Bureau of Mines 
USDI/National Park Service 
DOT/Federal Highways Administration 
DOT/Federal Aviation Administration 
U.S. Air Force/Alaskan Command 
U.S. Coast Guard 
USDI/Bureau of Indian Affairs 
USDI/Bureau of Sport Fish & Wildlife 
USDI/Alaska Power Administration 
NOAA/Auke Bay Fisheries Laboratory 
NOAA/National Weather Service 
NOAA/ Environmental Research Lab 
USN/Naval Arctic Research Lab 
Federal State Land-Use Planning Comm. 
USDA/Soil Conservation Service 
USDA/Forest Service 
USDI/Bureau of Land Management 


Regional & Local Government Agencies 

City of Nenana 
City of Fairbanks 
Fairbanks North Star Borough 
City and Borough of Juneau 
Greater Anchorage Area Borough 
Kenai Peninsula Borough 
Ketchikan Gateway Borough 
Matanuska-Susitna Borough 
North Slope Borough 


State Government Agencies 

Department of Highways 
Department of Fish & Game 
Department of Education/ State Library 
Dept, of Natural Resources/Geol. Survey 
Dept, of Natural Resources /Div. of Lands 
Dept, of Economic Devel. /Indust. Devel. 
Dept, of Public Works /Div. of Aviation 
Dept, of Environmental Conservation 
Office of the Govemor/Planning & Research 
Department of Public Safety 


Other Organizations 

Kross & Associates 
Woodward, Lundgren & Associates 
Alyeska Pipeline Service Company 
CH2M/Hill Alaska, Engineers 
Lost River Mining Corp., Ltd. 

Humble Oil & Refining Company 
Woodward-Envicon Inc. 

Environment /Alaska 

P.esource Associates of Alaska, Inc. 

U.S. Steel Corporation 
Marathon Oil Company 
Tanana Chiefs Conference 
NANA Regional Corporation 
Arctic Environmental Information 
& Data Center 

Fisheries Extension Service 
Northland Wood Products 
Gulf Oil Company 
Atlantic-Richfield Company 
Shell Oil Company 
Exxon Production Research Company 
Boston Museum of Science 
Union Carbide Corporation 
Doyon, Ltd. 

Calista Corporation 

Alaska Travel Publications, Inc. 

INEXCO Mining Company 
R & M Engineering & Geological 
Consultants 
AMAX Coal Company 
Enplan Corporation 
BP-Alaska Ltd, 

Bendix Field Engineering Corp, 

Imperial Oil Co, 

Dames & Moore 

California Institute of Technology/ 

Jet Propulsion Laboratory 
Chugach Native Corp, 

Environmental Research & Technology Inc« 
Univ. Washing ton/ Remote Sensing 
Applications Lab. 

R. W* Voss & Associates 
Placid Oil Company 
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Dr. James C. Fletcher 
NASA Headquarters 
Code A 

Washington, D.C. 20546 
Dear Dr. Fletcher: 




After looking into the complete program of Satellite 
Remote Sensing, it becomes apparent its capabilities 
are much more than most legislators, who are not general- 
ly informed of the program potential, realize or seem to 
care about. 

I sincerely hope you will do all possible to keep this 
valuable resource available to us at a state level. 

Please let me know if there is anything I may do to 
help you in this important effort. 

Having been involved in natural resources areas in 
the State of Arizona where the NASA Satellite Remote 
Sensing program was a pilot project, I know from first- 
hand knowledge of state agencies who have utilized the 
information as to the inestimable value of the services 
and performance that has been delivered to us here in 
Arizona. 


I feel sure that as knowledge of the program and its 
potential becomes more widespread, more uses will be 
found for its capabilities. 




Sincerely, 

.V. •’.•'C' 
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^ state of CALrFORNr a— resources agency 


DEPARTMENT. OF WATER RESOURCES 

BOX 388 

Tramento 

95802 


9J 

(916) 445-9248 


JUL12 1976 
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Honorable James C, Fletcher 
Administrator 
National Aeronautics and 
Space Administration 
400 Maryland Avenue. SW 
Washington, DC 20546 

Dear Dr. Fletcher: 


EDMUND G BROWN JR, Governor 
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The Department of Water Resources is greatly interested in parti- 
cipating in the National Aeronautics and Space Administration’s 
(NASA) Water Management and Control Project, Application Systems 
Verification Test, We have been very impressed with the progress 
made by the Space Sciences Laboratory (University of California 
at Berkeley) on the related NASA funded project titled "inventory 
of Irrigated Lands for Selected Counties Within the State of 
California", Projects such as this, which focus bn specific user 
needs, must be undertaken to evaluate the operational utility of 
LANDSAT imagery. 

It is very important that the Department of Water Resources 
participate in the examination of opportunities for utilizing 
satellite imagery for land use information collection. We have 
a continuing program of land use data collection, currently 
funded at about $350,000 per year. We are interested in any 
new techniques and procedures which may increase the effective- 
ness of our program. In addition to meeting our needs, the data 
produced are used by many other governmental agencies— local, 
state, and federal. 
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Honorable James C. Fletcher 
Page 2 


JUL 12 1976 

We hope that the Water Management and Control Project^ Application 
Systems Verification Test, is approved and that vre will be allowed 
to participate in this test. 


Sincerely, 



Ronald B. Robie 
Director 


cc: Mr, Russell L. Schweickert 
User Affairs Office 
National Aeronautics and 
Space Administration 

EK Federal Office Building lOB-Room B236 
400 Maryland Avenue, SW 
Washington, DC 20546 


Mr. Jerry Deerwester 
Ames Research Center 
National Aeronautics and 
Space Administration 
MS 242-4 

Moffett Field, CA 94035 
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STATE OF CALIFORNIA— BUSINESS AND TRANSPORTATION AGENCY 

^PPARTMENT OF TRANSPORTATION 

'fRICT 1, P.O. BOX 2304, LOS ANGELES 90051 


EDMUND G BROWN JR , Governo. 



June 28, 1976 


Dr„ James C., Fletcher 
Administrator of NASA 
NASA Headquarters, Code A 
VJashington, D.C. 20^^16 




Dear Dr. Fletcher: 

VJe have been informed by Dr. Nevin Brj^ant of Jet 
pronulsion Laboratory on the potential land u,se data 
ducts available from the proposed Thematic Mapper satellites. 
Our planning process could definitely benefit from the 
availability of such products. Ne \\’Ou3,d encourage the 
continued v/ork and development of these remote sensing 
systems . 


Sincerely, 



Transportation Planning 
LARTS Branch 
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Centennial State 


COLORADO 

HOUSE OF REPRESENTATIVES 

STATE CAPITOL 
DENVER, COLORADO 80203 


State Heprebentative 
G2RARD FRANK 
c;690 E. 5th Ave. 

.urcra, Colo. 80010 

'iTiafi, 

Tra'js^oftauon and 
Energy Committee 
.■.Member of: 

Appropriations Committee 
ojdiciary Committee 


August 20, 1976 


Mr. Janies C. Fletcher 
Adniinistrator 
N.A.S.A. HQ Code A 
Washington, D. C. 20540 

Dear Mr. Fletcher: 


I understand that yo'u wash an ej^ression of opinion about whether the 
L4NDSAT Follow-on program would be of value to states. 


After reviewing the propDsed technical capacities of the satellite 
with individuals in several departnsnts of Colorado's governmenc and with 
individuals in several regional organizations, I conclude that tne follow-cii 
program would be of great value in Colorado. I have appended a list of uses 
for which the data gathered by LANDSAT Follow-on would be irarediately usefilL 
to many ongoing programs, ai^d would be of perhaps even greater vilus to 
several programs likely to be inaugurated by the legislature in the near future. 


My investigation also leads me to conclude that a major impediii'ent to 
effective use of remotely sensed data is a lack of uaderstanaing on the part of 
the operating personnel in our civil service about the availability 
of these data and the ease with which they may be ijsed. I respectfully 
urge that the program include a greater comnitraent to coirmunicatirig the 
capabilities of the progrsun to potential users than eidsts^i the present 
LAMDSAT program. ' ^ ^ y 9 


Gerard V. /Frank 

GVF/lr 

Governor Richard Lamm 

Mr. Phillip Schmuck, Division of Planning 
Mr. Lou Canpbell, State Ca.rtographer 
Mr. Tom Nussbaum, Governor's Office 
ife. Sally Bay, National Conference of State Legislature'; 
File, Legislative Council 
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state Level 


- supervising naned land reclamation (*) 

- confirming siting for energy facilities (**) 

- inventory of noxious veeds (*) 

- predicting revenues based on more precise .crop forecasts ('-0 

- determining sites for one or two major airports and several minor ones (**) 
“ data for a state level recreational resources plan (*) 

- Identification of agriciuriiral land to be afforded special preservation (^*) 

- inventory of water resources (*) 


Regional (multi-county) level 

- all of the uses at the state level, scaled appropriately for regional use (** 

- water quality management, particularly of non-point sovirces (*) 

- better collection of errpirical data on flooding (if technically' feasible) (*) 

- collection of regional scale data on the spread of of various 

types of pollutants from Denver in order to establish an appropriate 
ground network (*) 

- changes in the extent of iirbanization (*) 


(*) indicates data xoquii-ed by an existing state or regional program 

(**) indicates data needed for a program which has passed at least one 
chanber of the legislature on two occasions in ’die past fotir years. 
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- STATE OF FLORIDA 

OFFlCli OF GOVERNOR REi'BlX O'l) AbKLW 


July 6, 1976 


W 

Dr. James C. Fletcher, Administrator 
National Aeronautics and Space Administration 
Room 7137, Federal Office Bx.ilding 6 
400 Gary land Avenue Southwest 
Washington, D..C. 20546 

Dear Dr. Fletcher: 


£/< 

.ir-.-A 

. 7 /.':'... 


-_AA— 


It is a pleasure to advise you of our support for 
the proposed NASA LAKDSAT Program as ourlir.ed in ^ our 
meeting with representatives of interested State .gancies 
on June 2, 1976. If it is possible and consistent with 
national security precautions, v;e v-ould support and v;elcome 
even higher resolution imagery than is currently proposocl . 

Attached are coironents from various otate agencies 
and several interested university professors responding to 
the Division of State Planning and staring the ag ~ncies ' 
perspectives of LANDS'AT and its possible use in ciEferen, 
governmental programs. 


As Chairman of the Southern Grov/ch policies Board, 
I have also enclosed a copy of the Board's resoluc-ion xr 
support of this program. 


I'vith kind regards , 


Sincerely , / 




Go\rernor 


ROA/frs 


/'L 


Enclosures h/^A- \ 

cc: Hr. Russell L. Schweichart 

Assistant Administrator, NAS^ 
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RESOLUTION 


IN SUPPORT OF 

THE LANDS AT POLLOW-ON PROGRAM 


WHEREAS > the demand for and utilization of natural resources is constantly 
increasing due to an increased population and an increased rate of consump- 
tion per individual, and 

WHEREAS, the supply and quality of natural resources are finite, and 

WHEREAS, the region and the states represented by the SGPB are experiencing 
significant and rapid population growth and development, and 

WHEREAS, the SGPB has taken a strong interest in the proper management of 
the South’s natural resources and has identified specific recommendations 
directed toward optimizing the regional growth and achieving the desired 
balance between economic development and environmental quality, and 

WHEREAS, there is a keen awareness by the SGPB of the significance, increasing 
complexity and lasting impact or decisions which are made relative to the use 
of natural resources in the South, and 

W^HEREAS, the SGPB recognizes that an essential requirement for improved 
decision-making and intelligent resource management is an effective informa- 
tion base, and 

WHEREAS, the SGPB strongly believes, on the basis of previous experience, that 
the type of information obtained by remote sensing technology from the Landsat 
program is extremely useful to the Southern states in providing the information 
necessary for the analyses of their natural resources, and 

WHEREAS, the SGPB member states have indicated a strong interest and intention 
to use Landsat data to assist their resource management programs in the future 
and has approved a resolution supporting the expansion Of the technolgy transfer 
capacity at NASA’s Earth Resources Laboratory in Slidell, Louisiana, 

THEREFORE, the Executive Coimnictee of the SGPB hereby strongly endorses the 
continuation and improvement of the NA.SA Landsat system through the implementation 
of the Landsat follow-on program and associated user assistance and technology 
transfer efforts as a key step in the provision of improved and cost effective 
remotely sensed information required by the states to effectively manage their 
natural resources. 



- 2 - 


The resolution by the SGPB in support of the Landsat follow-on program is 
based on the knowledge and experience of state, regional and local resource 
managers .in the application of Landsat data to earth resource programs in 
the South. The applications of present .Landsat data have proven extremely 
useful and provide a basis upon which to expect significant socio-economic 
benefits to be accrued to the states of the South as a result of the continued 
availability of Landsat data^ 


Governor Reubin 0*D. Askew 

Chairman, Southern Growth Policies Board 


William L* Bowden 

Executive Director and Secretary 

Southern Growth Policies Board 
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, Fioiid;'‘Rcsources and The rloncLi State Um\ jrsity 

Environmental AnntyMs TallahdSSCe, rloridd 3,2.'^06 

Center 



\l lljy 


June 8, 1976 


Walter Ko]i> 

Division of State Planning 
IBI4 Building 
Tallahassee, Fla 32301 

Dear Walt. 


Ihis letter is in regard to the iteeting we had witFi Paid Barnett, 
Project iManager of tl^e Science and hpplj.cations Project Office of 
NASA at Kennec^ Space Center last week, Vhile FK2AC does not have 
any specific project .going right na^ within whidi we ccuM use tlie landset 
photography, I do believe that it would be desirable to develop v;ith 
your office and v?ith NASA a continuing nethological project to update 
the landuse infomation that we are getting. 

This surnner I am adding to our staff a remote sensing specialist 
and it is itiy hope that v.’e would begin ttien to utilize the remote 
sensing imagery with the high altirude photography to deveJop the 
natural resources inventory the state has needed for so long. 1-hy 
I interject at this point that I feel that within any program that we 
v7ould be interested, the high alti.tude photography will be very 
iiTportant and it bothered me that Mr. Barnett indicated that this 
activity vould be curtailed. 

; From our meering the other day there v/as an indication that many ^ 

/ people did not haw an idea of what landset vas all about and v;hat it 

I ooifLd be used for. It seems to me that it might be roasonaJ^le for the j 

State of Florida to develop a "practical .applications of remote sensing" ; 
seminar or course or infomation system whidi the various state, regional, 
and local agencies could attend to find out just what they couj.d use from ' 
this material. It seems to tie that such a seminar could include a great 
deal of public relations work betaveen the Division of State Planning and 
[ thD local agencies. Tlicse are just sonewhat idle tlioughts, bur. if you ^ 

\ feel that FPEAC could be of any assistance in developing such a seminar ' 

'j or educational prcxjrair. we would be more tliat-f happy to cooperate v.'itli you 
I in, through our continuing education center, set up for Tallahassee or 
pther parts of the state. . _ , ^ 


If I ii-ay be of any furdior service to you do nor hesitate ro call 
on ite. 


Sincerely, 



I’dw'ard A. Fcinala 
Dirc-ctf r 


cc: Reed Barnett 




StAI'E of Flofioa 
DepaetmeTvT of Legae Affairs 

OFFICE OF 1-HE A'lTOKKEY GENERAL 
• r THE CAPITOL 



Civil Division 
725 South Colhoun Street 


ROBERT L. .SHEViN 
Attorney General 


’Tallahassee. Florida 32304 



June 18, 1976 


Mr. R. G. Whittle, Jr. , Director 
Division of State Planning 
660 Apalachee Parkway, IBM Building 
Tallahassee, Florida 32304 


Bloxhom Building 
Tallahassee, Florido 32304 


//) I /. ; ! 1 ., ; 

/o /i> ^ • 'V 


Jim , 


V ' '1 ? 

' % W 




Dear Mr . Whittle ; 


^ Attorney General Shevin has asked me to respond on 

his behalf to your letter of June 7, 1976 concerning the pro- 
posed second phase of the LANDSAT Satellite Program. The 
Department of Legal Affairs is in favor of the provision for a 
second ■ generation satellite able to perform as described in 
your letter. Photographs from former satellites have already 
proven useful in at least one of the Department of Legal Affairs' 
suits to protect the natural environment and water supply for 
the citizens of Florida. In addition to. similar use, informa- 
tion gathered by the improved satellite could be used in planning 
at the state and local levels, through the identification of 
•important resources, as well as human influence on those resources. 

Lacking technical expertise among the members of 
its staff, the Department of Legal Affairs has no suggestions 
for improvement of the satellite program. 

Sincere] y, 

ROBERT L. SIIEVIN 

ALtorney General 



THOllAS A. HARRIS 
Assistant Attorney General 


RLS/H/g 
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!b?n O'D. Askew 
Governor 


A. L. Baker 
Executive Director 


Stati- or Fr.oiciDA 

DEPARTMENT OF BUSINESS Rl^GULATION 

OFFICE OF EXECUTIVE DIUECTOR 
THE JO JINS BUILDING 
TAI^XAlfASSCi: 


BOARD MEMDCK 

Rrchard A. PaHo( 
Chairman 


Walter S . McLin , 


Mr. R. G. Whittle, Jr. 

State Planning Director 
Department of Administration 
660 Apalachee Parkv/ay 
Tallahassee, Florida 32304 


June 10, 1976 



1 1 5£,r0 


James Baroco. Sr. 
Secretary 

li4niond, J. G 

W, M. Sanderlm 


DIRECTOR'S OPRCF 


Dear Mr. Whittle: 


In response to your letter of June 7 regarding the proposed second 
phase of the LANDSAT Satellite Program it is difficult for me or 
anyone in the Department to make meaningful comments -because v;e are 
not familiar with the proposal nor v/ith the current program. 

I- have discussed the matter very briefly with Mr. Jon Beazley of the 
Department of Transportation and it would appear that information 
gathered under such a program could be useful to our Division of 
Florida Land Sales and Condominiums in the surveillance of registered 
subdivisions and perhaps in the. detection of unregistered subdivisions. 
The usefulness of the program would depend upon the timeliness of the 
output, the availability and manner in which data would be displayed 
for examination and the extent of detail so displayed. 

As an example of possible use, our land sales inspectors must make 
periodic inspections of subdivisions to determine if construction of 
roads and drainage is proceeding according to, schedule. If visual 
displays would on the one hand permit identification of the tract 
and on tlie other hand show sufficient detail to permit evaluation of 
construction progress this could be quite useful and probably result 
in some cost savings to the State. Similarly such information could 
be used to determine if a subdivision submitted for registration is 
comprised of land which matches the description contained in .the 
application. The latter would be extremely- helpful because such 
tracts at tlie outset often are without access roads and it is 
impossible for the inspector to get into the area to make a compre- 
hensive inspection. 
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These are some uses that could help our Departraent. I mention them 
v’ithout attempt to attach cost factors or cost justification and 
v;ith the Uiiderstanding that as a federal program, State funds are 
not involved. 

We presentl-y do not feel the program would be of value to our Pari- 
Mutuel, Hotels and Restaurants, Beverage or General Regulation 
Divisions. 

I hope these vague comments v/ill be useful for your purpose. If 
further input is desired I v;ould suggest a meeting with some of 
our land sales people v?ho incidentally will be moving their division 
offices from Tampa to Tallahassee as of July 1, 1976. 

Sincerely , 

A. L . Baker 
Executive Director 



i^B/ab 

Mr. Richard C. Booth 
Mr. _Jpn Eeazley 


cc: 
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!}ij STATE OF FLORIDA 


TALLAHASSEE 32304 


Div.oFsi^TepT,^^ 


June 14, 1976 


Mr. R. G. VJhittle, Jr. 

State Planning Director 
Department of Administration 
660 Apalachee Parkway 
IBM Building 
Tallahassee, FL. 32304 

Dear Randy: 

This will acknowledge receipt by this office of your 
recent letter regarding the proposed second phase of 
the LANDSAT Satellite Program. 

Although it appears doubtful that this program would 
directly impact the Department of Insurance or the 
Division of the Treasury, it could provide invaluable 
data for geologists and planners which would be of 
interest to Commissioner Ashler as a member of the 
Florida Cabinet. 

Your letter and any additional information that you 
believe may be helpful will be retained in our files 
for future reference. 


Sincerely, 

James A. Snyder 
Administrative Assistant 


JAS/dd 
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TOF4 Y/EBB, JR. 

SECfiCTARY 


June 10, 1976 
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Mr. R. G. Whittle, Jr., Director 
Division of State Planning 
Department of Administration 
660 Apalachee Parkway - IBM Building 
Tallahassee, Florida 32304 


Dear Randy: 

In response to your letter of the seventh, we have 
used ERTS/LANDSAT satellite imagery on several 
occasions and found it beneficial. We expect that 
our use will be much greater when better quality 
and faster deliveries are achieved. 


Sevez'al times false color enlargements were used 
for orientation at public hearings. Also, we have 
used it to observe lineaments and faults in the 
geologic substructure of Florida in our sinkhole 
detection program; to evaluate possible blockage of 
water by highways across the Everglades (there v/as 
very little) ; evaluation of the Suwannee River flood 
limits in 1973; and up-to-date indicators of land 
use changes. 

Our use has been limited solely because the imagery 
is frequently very poor. Also, the slow delivery 
after ordering reduces its' value. With a higher 
resolution and faster delivery, we expect- frequent 
use of the Follow-On data. 


Very truly yours. 



Tom Webb^ Jr, 

Secretary of Transportation 


•TWjr:bs 
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Mr. R. 6, Whittle, Director 
Division of State Planning 
Department of Administration 
State of Florida 
660 Apalachee Parkway 
Tallahassee, FL 32304 

Dear Mr. Whittle: 

N.A.S.A. has chosen the University of Florida to be the southeastern 
center for research in imagery applications to geotechnical problems. A 
grant of $100, 000 per year beginning July 1, 1976 has been awarded. The 
Coastal Engineering Laboratory, Department of Civil Engineering, and Department 
of Geology will be involved during the first year. Later we plan. to extend 
this program to other departments and other state universities.. We are novi 
assured of three years of financial support from N.A.S.A with the subsequent 
per year amount being diminished or increased depending upon our yearly success. 
We have been directed to specifically apply our efforts toward the solution 
of problems in cooperation with governmental agencies. 

You may be aware .that the State of Florida has lagged behind most other 
states in the utilization of the valuable resources that have been made 
available by LANDSAT imagery- Multispectral analysis and other sophisticated 
imagery techniques are of great value in the delineation of geological feature 
and in characterization of the physical parameters of surficial soils. Both 
at the University of Florida and the Division of Geology of the Department of 
Natural Resources, we believe remote sensing to be a most valuable scientific 
technique in mapping. 

We sincerely hope tljat the administrative agents of our state will realize 
that we are only now beginning to utilize the resources developed by the 
N.A.S.A. imagery program. As experience and knowledge is broadened more people 
will be aware of and utilize remote sensing. 

This state is fiiost fortunate in having the General Electric Laboratory 
at Daytona Beach in which the Image 100 system was developed. This is a 
computer which was developed for processing, enhancing, and analyzing spectral 
data transmitted from the satellites'. 


June 11, 1976 
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It is oyr belief that the proposed second generation LAMDSAT Satellite 
is worthy of our support. This satellite will provide additional bands in 
the infra-^red and an improved resolution of spectral bands which increases 
the opportunity of computer analysis for identification of terrain parameters. 
This will provide improved evaluations of hydrologic and geotechnical parameters 
which will make it possible to more accurately map details. 

Sincerely, 

H ‘ K. /cLlo 

H. K. Brooks 
Professor Geology 
and Principal Investigator 
of N.A.S.'A. Project 

H)^ / cL 

Byron E. Ruth 

Associate Processor of Civil Engineerin 
and President, Florida Region 
American Society of Photograninietry 

BER/db 

cc: Mr.. Reed Barnett,- NASA 

Mr. Jon S. BeazTey, F,D,0.T. 

Dean Morton Smutz-,- E'l-ES 
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Mr, R, G. VThittle, Jr. 

State Planning Director 
Department of Administration 
Division' of State Planning 
660 Apalachee Parkway 
IBM Building 

Tallahassee, Florida 32304 


DlR£CTOir$ OPRCE 
DIV. Oi- STAVE FWHKU\!5 


Dear Mr, brittle: 


The NASA proposal to advance satellite photography and to provide 
remote sensing to State agencies is very interesting and has been 
investigated by some of my staff. They do not feel that there is 
sufficient benefit for the Department to support the development 
of the second phase of the LANDSAT Satellite Program, 

The photography provided by the current system is not of sufficient 
resolution to be of value in detailed county-by- county forestry or 
agricultural work. An alternative proposal would be to further 
improve aircraft based, photogra^etric technique. Improvements in 
resolution using aircraft ba^^d photography would do more _ for 
Agriculture than the larger area Qpverage obtained from satellite 
photography. 

We understand that Weyerhaeuser Qorporation has utilized satellite 
photography in some of its forest management programs. Perhaps 
some familiarization with the wor]c that they were able to accom- 
plish would help in convincing state agencies of the value of 
NASA’s proposal. 

We are currently able to meet ^ur fierial photogramme tri c needs 
through the excellent faci].itle.s vhich are provided by the Florida 
Department of Transportation* 

With kind regards, I am 



BC/ga 








®coryc ^’uC'hcc 

GOVfc.r»NOll 


V-i» 

(Offirc nf li{c (fenlu'niiiL* 
jAilauia, Oilanaya 3U33''I 
April 19, 1976 


^iirnum Jlnhcrfiuiab 
EXECUTIVE SECRETARY 


Dr. James C. Fletcher 
Administrator 

National Aeronautics and Space 
Administration 
Washington, D. C. 20546 

Dear Dr. Fletcher: 

As you may know, the State of Georgia is currently 
using NASA developed technologies and products,, and is in 
the process of evaluating specific applications of NASA 
developed technologies in a variety of State data collection 
and planning programs. Three substantial NASA research and 
evaluation efforts are underway in the State at the present 
time. They are: 

Remote Sensing and Classification Technology Transfer Evaluation 

This study is to evaluate the u.se£ulness of remote 
sensing and classification capabilities developed by NASA's 
Earth Resources Laboratory in inventorying Georgia's natural 
resources and planning for their wise use. If these technologies 
prove useful and feasible, as they already have been in 
Georgia's Coastal Zone Management Program, they will be 
developed as a basic component in the data collection and 
mapping programs for the State. 

Land Features Classification Research 


The Earth Resources Office of the Marshall Flight 
Center is supporting remote sensing and land characteristics 
classification research currently in progress at the Georgia 
Institute of Technology. This research effort is intended 
to develop land use classification techniques and land 
development change detection techniques for use in urban and 
rural areas in Georgia. 

Salt Water and V/etlands Identification in Coastal Georgia 

The Georgia Department of Natural Resources has used 
satellite collected data experLmen tally to detect and identify 
saltwater and rresh\;ater species of plant life to determine 
the lirnlt.s ol’ the tidal v.'ater.s in Coastal Georgia. This use 
of classified iiiiap.ery has jjroven beneficial to identifying 
the ar-eas of concern in the Coastal Zone Managesnent Program. 
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Ocher organizations in Georgia, such as the Atlanta 
Regional Commission and the Georgia Mountains Area Planning' 
and Development Commission are experimenting with using NASA 
developed technologies to collect vegetative cover, soil 
wetness, land use and land use change data. 

I would like to commend your office for the excellent 
professional assistance provided to Georgia in these projects. 
I also encourage you to continue in your efforts to promote 
the development and use of these technologies for State and 
local governments and to continue in your efforts to develop 
and refine the state of the art. 



GB: abc 

cc; Mr. Alex Tayahov 

Dr. C. T. N. Paludan 
Dr. Wayne Mooneyhan 
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north Ri'Cources Laboratory v/111 transfer a resources 
inforantion system to the State of Georgia during 


FV77. 

peach Tree Decline 

r-'-d‘-.n •Sy'-Co Fli'jlit Centor 
institute or TC'Cimo'iogy 
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in coeporotion with Georgia 


Landsat and SI'syleb Data Uses 

Safii Pichoringj Chief Geologist, Geological Survey, Department 
of Matural Resources, Georgia 


Successfully used both Lanclsat and Skylab data in 
(jround water prospecting. Ref, "Practical 
Applicaticns of Uindsat Data for Earth Resources 
survey/' 1575» 25* 


Same Individual- roportod in Goddard Space Flight 
Center Syiiiposiun, December 1973, 6-21, Page 857, 
that Lar.dsat Data useful for: 

^(1) Major tectonic boundaries 

(2) Litholcgic contacts 

(3) Foliation trends 

(4) Topographic linaatients 
(G) FguUs 


.Uprk t/ithin tdr^Sto^ 


G 


I .. Ferost Inventory performed by USFS on Federal Lands 


0 Londsat II - Forest Inventory boing psrfonned by USFS (Aldrich) 

St, Rc-gis has proposed a project to iisa Landsat data and 
‘•U'^pb --'^tal information for inventory of company-owned 
O '* t-jin oiled U/icI in L’estcr.i C_jrgia. 
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National Aeronautics and Space Administration 
Washington, D. C. 20546 

Dear Dr. Fletcher: 
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Prepare Reply 
Signature of 


It is my understanding *a decision regarding the LANDSAT follow-on will 
soon be made. In this event, I am writing to express the Georgia Department 
of Natural Resources* interest in the follow-on program. 


In recent years there has been a dramatic increase in the number of 
natural resource programs. As a result of this increase, we are moving 
tovjard a more comprehensive, and often complex, approach requiring more 
timely and accurate data. It is our belief that the existing and proposed 
•►'atellite systems have a definite role to play in Georgia’s natural resource 
grams. 


Until now, there has never before been an economically feasible method 
to acquire a data base that adequately describes existing site conditions, 
and the changes that are taking place. Presently, most State programs 
incorporate the use of manual tecliniques to collect and analyze such de- 
scriptive data. Although these manual techniques are simple and straight- 
forward, they have serious limitations in that they are often not timely, 
comprehensive, and area specific. Manual techniques are often costly and 
difficult to update plus awkward to store and manipulate in large quantities. 


In an attempt to improve upon the above situation, the State of Georgia 
has entered into an agreement with NASA to evaluate and transfer automatic 
class! Fi cation techniques utilizing lANDSAT data. The intent of tills Research 
Technology Operating Plan (RTOJO \?iil be to succos-sfull y ciemon.s irate technical 
lANDSAT capabilities which will produce results needed Cor existing programs 
and management decisions. To date, Department of Natural Resources* personnel 
have been preparing project proposals which identify specific requirements of 
existing and proposed management programs. Tliesc requirements include a 
discussion of potential data sources to satisfy program requirements, a de- 
scription of the methodoLog,y to be used and pi od nets to be obtained, and 
benefits to be accrued. These project proposals will then be evaluated 
against thu LANDSAT digital products. A few programs within DNR which should 
benefit from successful LANDSAT appl LCvU* ions are Llic Rnvironniontal Protection 
'vision’s (KI’D) arcawide. waste treatment management program (Sec. 208) under 
L. 92-500, LPD’s Solid W.nu e Management Program and Land Reclamation Pro- 
rams, I ho CLune and Kish Division’s Pi t Lman-KobcM' t son and other wildlife 



.Dif. C* Fletcher 

May 25, 1976 
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management programs, plus the Departments land acquisition and comprehensive 
review process. These programs should benefit greatly from LANDSAT digital 
data since it will provide site-specific information on an iterative basis. 
The result should be more responsive programs with a dollar savings to the 
user. 


Of comparative interest are the 1” “ 1 mile manually produced vegetation 
maps prepared for each of Georgia’s 159 counties. The cost of this project 
was approximately $30,000, or about 50c per square mile, which did not include 
administrative costs to DNR. Although this information has proven quite 
useful, there appear to be liabilities of the manually produced maps when 
compared to the LANDSAT digital capabilities: first, the minimum mapping unit 
of the manually produced maps is 50-100 acres as compared to 1.1 acre for the 
.digital satellite information; second, satellite data is less expensive to 
produce once a processing center has been established; and third, the satellite 
information is less expensive to update since it has itei'ative capabilities. 

These satellite capabilities are important considerations which should prove 
to be of great benefit to natural resource programs. 

A recent project which came -through the environmental review process which 
would haye had application to automatic classification techniques was a 60,000 
'^cre small watershed project (P- L. 566) for the purposes of watershed protection 
id flood prevention. This coastal watershed contains about 242,000 acres con- 
ning three primary vegetation habitats: lowland hardwoods, mixed hardwoods 

with pine and pine flatwoods. The area of the proposed project is a mixture 
of hardwoods and pines and lowland hardwoods. If an automatic classification 
system were operational it would have provided the following spatial data and 
statistical acreage information which would have been an indication toward the 
location of drainage ways containing riverswarap hardwoods, areas inundated by 
water at various times of year, an indication of wildlife habitats, and a 
determination of the salt and fresh water interfaces as defined by salt emergent 
vegetation. This data would have enabled us to make a better quantitative 
determination of the project’s effects as required by the National Environmental 
Policy Act of 1969. this system should also allow us to monitor the impacts 
of increased peak flows on the estuary and reduced low flow conditions on the 
river swamps and tributaries. 

With I'cgard to the acquisition and 3 easing of lands for wildlife management 
the following considerations are offered. Accurate and current land-cover 
information could greatly facilitate the identification of suitable lands for 
possible acquisition or lease. Tlie types of data required includes vegetation 
associations, an indication of understory conditions as inferred from vegetation 
cvo\m density, the proximity of any potential wildlife management areas to 
developed lands, and the location of surface water bodies. If this data can be 
obtained on a timely and cost-effective basis, then our management and acquisition 
program could be subs taut i n3Ty improved. This would be particularly true if 
* he fol3ow-on satellites have a 30 meter rosoliiLion in the visible bands allowing 
on butter vegetation separation and boundary determinations. 
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management programs, plus the Departments land acquisition and comprehensive 
review process. These programs should benefit greatly from LANDSAT digital 
data since it will provide site^-specif ic information on an iterative basis. 
The result should be more responsive programs with a dollar savings to the 
user. 


Of comparative interest are the 1" = 1 mile manually produced vegetation 
maps prepared for each of Georgia’s 159 counties. The cost of this project 
was approximately $30,000, or about 50d per square mile, which did not include 
administrative costs to DNR, Although this information has proven quite 
useful, there appear to be liabilities of the manually produced maps when 
compared to the LANDSAT digital capabilities: first, the minimum mapping unit 

of the manually produced maps is 50-100 acres as compared to 1,1 acre for the 
digital satellite information; second, satellite data is less expensive to 
produce once a processing center has been established; and third, the satellite 
information is less expensive to update since it has iterative capabilities. 

These satellite capabilities are important considerations which should prove 
to be of great benefit to natural resource programs. 

A recent project which came through the environmental review process which 
would have had application to automatic classification techniques was a 60,000 
'’cre small watershed project (P. L, 566) for the purposes of watershed protection 
id flood prevention,^ This coastal watershed contains about 242,000 acres con- 
ning three primary vegetation habitats: lowland hardwoods, mixed hardwoods 

with pine and pine flatwoods. The area of the proposed project is a mixture 
of hardwoods and pines and lowland hardwoods. If an automatic classification 
system were operational it would have provided the following spatial data and 
statistical acreage information which would-have been an indication toward the 
location of drainage ways containing riverswamp hardwoods, areas inundated by 
water at various times of year, an indication of wildlife habitats, and a 
determination of the salt and fresh water interfaces as defined by salt emergent 
vegetation. This data would have enabled us to make a better quantitative 
determination of the project’s effects as required by the National Environmental 
Policy Act of 1969, this system should also allow us to monitor the impacts 
of increased peak flows on the estuary and reduced low flow conditions on the 
river swamps and tributaries. 

With regard to the acquisition and leasing of lands for wildlife management 
the following considerations are offered. Accurate and current land-cover 
information could greatly facilitate the identification of suitable lands for 
possible acquisition or lease. The types of data required includes vegetation 
associations, an indication of understory conditions as inferred from vegetation 
cvoim density, the proximity of any potential wildlife management areas to 
developed lands, and the location of surface water bodies. If this data can be 
obtained on n rimely and cosL-cCfcct i vc basis, then our management and acquisition 
program could be substantial ly improved. This v>;ould be particularly true if 
*‘hc follow-on satellites have a 30 meter resolution in Lhe visible bands allowing 
en better vegetation separation and boundary determinations. 
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The Department of Natural Resources and the Army Corps of Engineers, 
Savannah District Office will be evaluating the potential of LANDSAT digital 
data to assist in determining the approximate areas of jurisdiction under 
Section 404 of P.L. 92-500. The projects goal will be to determine if 
automatic classification of digital satellite data will provide necessary 
land cover data at a cost-effective rate to satisfy the requirements of the 
Corps 404 program. Further, it is anticipated that change detection techniques 
can be employed to assist in determining the locations of authorized versus 
unauthorized land disturbing activities. 

Regarding Georgia’s Section 208 program, LANDSAT digital processing 
will be evaluated for its ability to locate land-cover information and 
statistical acreage data within water quality management units (WQMU). 

Activities such as agriculture, silviculture, mined areas and urban construction 
are to be evaluated in an effort to determine the potential of a WQMU for non- 
point source pollution. Presently we feel confident that* the twelve categories 
to be processed for tliis' program will be adequately handled by the present 
^"atellite provided normal functioning continues and operational status is 
''ieved. A major advantage of the follou-on satellites for water resource 
jgrams will be the water penetration capabilities of the blue band to 
detect sediment and nutrients in surface water bodies and the heat sensitive 
capabilities of the thermal infrared bands. 

In the Environmental Protection Division’s Solid Waste Management Program, 
present efforts are focussing on land cover categories to assist in determining 
potential areas which may fit the partial criteria for sanitary land fill site 
selection. By determining these potential areas, local and state resources will 
be more efficiently used \;hile producing more responsive results. 

The above comments are offered as a briefing of activities currently 
underway in the Department of Natural. Resources to use loANDSAT digital 
data. Although the actuaJ amount of processing has to date been minimal ^ 
a great deal of effort has gone into the evaluation of DNR programs and 
management criteria which could benefit from an operational processing 
capability. In an attempt to insure this capability, $40,000 has been spent 
by the Goorgin Institute of Technology on hardware with an additional $23,000 
expected shortly. 
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The equipment will be operated by Georgia Institute of Technology personnel 
who are experts in the automatic approaches to remote sensing. They will be 
responsible for keeping abreast with the latest techniques while providing the 
interface between the equipment and the Statens natural resource program managers. 
It can be anticipated that upon favorable results of a demonstration project 
to be conducted by August of 1976, that several programs receiving State and 
federal dollars will choose to process regional or statewide LANDSAT data. 

We in Georgia are beginning to use the LANDSAT data in a routine manner, 
but have also recognized that the system is not classified as operational. 
Therefore, significant commitments to training, technology, and equipment could 
prove risky. If our demonstration results prove as positive as we expect, 

DNR and other state agencies would have a tremendous need for an operational 
satellite capability. 

It: is also very important to recognize that- data must be available to 
users at a high resolution, with a quick turnaround time, at a low cost, 
and in a ^‘rectified form". Although there is a great deal of interest in 
^greater resolution and more rapid .data delivery, it must be recognized that 
trade7off exists between the two, with cost the ultimate limiting factor - 
tifjed data referenced to the ground and to a nominal scene with sufficient 
accuracy should be available in volume to greatly increase the usefulness 
and affordability of the information. Rectification is the main requirement 
to make it possible to geographically reference information extracted from 
remotely- sensed data to other physical and socio-economic information. 

Further, it is imperative that users get involved in developing future 
programs. Federal agencies should have a structured effort to this end. 

State and local governments, che primary users, sharing the responsibility 
of defining their needs and expressing them to the federal government. 

In conclusion, we appreciate this opportunity to express our point of 
view on the need to expand and improve federal space programs and technology 
of benefit to the states particularly a program beyond the financial capa- 

bility of the individual states. I hope these comments are of some value 
to you and, if I can be of further assistance, do not hesitate to call on 
me. 


Sincerely, 



JDT/bro 


it... M. T « > I 1 . 


IM . I 


/\l J* 
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GEORGE R AR1Y05H( 

GOVERNOR 

Suspense Date 

Dr. James Fletcher Prepare Reply for 

_ signature of —iL~, 

National Aeronautics and Space " 

Administration 
Washington, D.C. 20546 

Dear Dr. Fletcher: 

This letter is to inform you that the State of Hawaii is very much 
interested in the utilization and in^jrovement of your Earth Resources Satellite 
Pro gran. 

In view of our geographic isolation and limited land area, we must 
plan very carefully for the optimum use of our precious land and. water resources . 
In this regard, our State governmental agencies have been following closely 
developments in satellite image tedmology and, with the help of your Ames 
Research Center, have begun to apply this tedmology to our on-going State 
planning process. 

Our limited experience indicates that satellite data could be a very 
important source of information in fulfilling our many mandates and responsi- 
bilities regarding land use planning, environmental protection, economic 
development, and coastal zone management. It is essential, however, that 
the information source, najnely the satellites themselves, continue to function 
effectively and provide us the desired data which will allow xxs to fully pursue 
the application of this technology to Hawaii. 

We strongly encourage you, therefore, to press for the continuation 
and enhancement of the Earth Resources Satellite Program. If we can be of 
any service or assistance in tliis regard, please feel free to call upon us 
at any tme. 

With warm personal regards , I remain. 


\j 
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Ref. No. 1373 


June 14, 1976 


Dr. James Fletcher 
Administrator 

National Aeronautics and Space 
Administration 
Washington, D.C. 20546 

Dear Dr. Fletcher: 

This letter is to inform you of our strong and continuing interest in 
your Eartli Resources Satellite Program and, in particular, your LANDSAT Follow-on 
Satellite project. 

While we are only now beginning to appreciate rhe potential of space 
imagery in fulfilling our programmatic data needs, we believe that the improved 
resolution of tlie LANDSAT Follow-on Satellite i\?ill broaden considerably the 
applicability of LANDSAT data to Hav/aii. Not only will this type of remote 
sensing data enhance our monitoring capabilities in terms of land use changes 
and inpacts, but it will also serve to reduce required on-site inspections as 
well as allow for more effective utilization of staff and inproved administration. 

The a^uisition of this type of data on a regular basis will provide 
the essential historic and current information needed to ascertain how tlie limitvc 
land area of our State can best be utilized. This is of utmost inportance in 
light of our mandate to advise our State decision-makers on the optimum use of 
our natural resource base. We believe tliat the data provided by the NASA Earth 
Resources Satellites will both assist us in evaluating the effects of past 
decisions as well as provide us with a sound, teclmicai basis to evaluate 
alternatives and make better and more intelligent decisions regarding Hawaii’s 
future . 
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As a basis for committing resources for tiie development of new teclmiqucs 
and metliodologies , however, it is essential that we have some reasonable assurance 
regarding continued data availability. In tliis regard, we urge you to vigorously 
pursue the continuation and exjjansion of your Barth Resources Satellite Program 
in order tliat we may maximize our opportunities in this most interesting and 
valuable endeavor. 



Dr. James Fletcher 
Page 2 

June 14, 1976 


V/e very much appreciate your continued interest in our programs and 
look forward to working witli you on matters of mutual concern. 



cc: Dr. H, Mark 

Mes Researdi Center 

^ir. K. Nishioka 
Ajnes Research Cente-»* 
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water and land DEVELOPMCN 


Dr. James Fletcher^ Administrator 
National Aeronautics and Space 
Admiiils tra tion 
Washington, D, C. 20546 

Dear Dr. Fletcher: 

Members of my depai'tment are, more and more, becoming aware of the great 
potential your Landsat programs have for Hawaii. Aspects of satellite remote 
sensing are presently being examined for their possible applications to epi^ 
demic forest decline studies. Further, we are intrigued as to the satellite's 
capabilities in vegetation and land use determinations, water and mineral 
resource studies, and its potentials in planning activities. 


It has come to my attention that your agency is considering a program or 
programs of assistance in Hax^aii. We would be appreciative ox any help your 
a^e.ncy can offer in helping us to learn about and use this new mediumj and I 
ask that you give serious consideration to any proposals concerning us. 

I thank you and your staff for thinking of Hax^aii, and ask that wg continue 
to receive your consideration and support. 


Yours truly, 


BOARD OF LAND AND NATURAL RESOURCES 
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CHRISTOPHER COBB 


Chairman and Member 


cc: 


Dr. Hans Mark 

NASA Ames Research Canter 
Mr, Russell L. Schx^eickart 
NASA Headquarters 
Hr. LHlliam K. Stoney 

NASA Headquarters , 

Dr. Clifford K. Charlesworth ActlOn COpy tO 
Lyndon B. Jolutson Space CcnillJcO Cop}'’ lO 
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STATE OF IDAHO 

OFFICE OF THE GOVERNOR 

CECIL D ANDRUS BOISE 

GOVERNOR 


May 27, 1976 


The Honorable Dr^ James Fletcher 
Administrator 

National Aeronautics and Space Administration 
Washington, D.C- 20546 

Dear Dr. Fletcher: 
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X understand that NASA has eiTibarded on the planning process propar:- ng ^cr 
the development of LANDSAT Follow-On systems, which are to^be advanced 
versions of the LAl'JDSAT-B System that we nov/ utilise in cur Land Fcscurci'-- 
Inventory Project. Our expectation is that LANDSAT Follcw-On systo-.^s 
'^’iXX provide a cost effective and timely source of land cover dat.a fc ‘ 
use by state natural resources planning and management agencies - 

As you kno\7, our mouivation for entering into the Land Resources Inver. tcrv 
Demonstration Project in conjunction with NASA and the Geological Survey, 
stemmed primarily from our continuous need for timely and cost-cf foot:i'/c 
natural resource information. The conventional methods we nov/ utilirc 
are very costly and require a great deal of time, energy and manpov/cr. 

With the rapid growth of Idaho and the need for thoughtful util 3 ratioti of 
its resources, we badly require as much highly accurate data as wo j: 
obtain. 


Whii.e the LANDSA.T demonstrations in the project are not yet complcLc, cli .* 
results reported by the participati.ng agencies are extremely encouraging. 
Two examples v/ill highlight our belief in the potential utility of 1,] 
Follow-On systems for resource management activities: 

1. An inventory of four million acres of irrigated lands alo. g 
the Snake River would be extremely useful to many organ j i.r. » c 
and agencies. Existing data is outdated and vircully unin ai .k ..y 
current requirements, it would appear that the cost and Liivc* 
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involved in a conventional survey would rule out a complete 
update- However, the staff of the Department of Water 
Resources believe that a survey based on I^ANDSAT data could 
be performed in a timely and cost-effective manner. At 
least, those are the indications demonstrated through the 
project to date. 

A recent inventory of the vacant lands in the urbanized Boise 
area, conducted by utilizing conventional survey methods, 
took one year and $70,000 to complete. Preliminary indicat a ons 
obtained in the Land Resource Inventory Demonstration Project sc 
to support the idea that the same inventory could be cc/.ipicccd 
V7ith LANDSAT data in a month's time at a substantial cost 
savings . 

V7e expect to continue to explore the utility of LANDSAT data for 
land resource planning and management through the Land Resources lu\ jtor 
Demonstration Project. We have every reason to believe that our urgonu 
needs for timely and cost-effective land cover data can be met using 
systems, and anticipate that the operational LANDSAT Follov;-On sysLcrs 
will be utilized as a major source of data to plan and effectjvi'ly 
manage the natural resources of Idaho. 

Sincerely, 


CECIL D. ANDRUS 
GOVERNOR 
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Dr. James C. Fletcher 
NASA Headquarters 
Code A 

Washington D.C. 20546 
Dear Dr. Fletcher: 
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As a member of the NCSL Remote Sensing Task Force, I was asked to 
convey my opinion as to the need for the LANDSAT FOLLOW-ON Program. 
I am a member of the Iowa Legislature and a farmer by profession. 
The LANDSAT FOLLOW-ON Program, particularly with the improved 
imagery, has a wide variety of uses, some of X\'hich border on neces- 
sity. 


One time imagery is essential for the assessment and evaluation 
of almost all natural resource programs. Good programs depend on 
current information. The advantage of LANDSAT is the frequent 
update of information that can be utilized in an analytical manner 
to predict the meaning of changes in the ground cover. 

As an Iowa farmer the most important aspect is the eventual potential 
of predicting world food production with some degree of accuracy. 

As the data base increases and the analysis improves, production 
estimates during the growing season would be very helpful. 

On July 1, 1976 the price of corn in central Iowa increased as much 
as $. ll/bushel and soybeans as much as $. 30/bushel. /An AP story in 
the Des Moines Register stated: 

"A big buying factor was an unconfirmed rumor that Russia 
had bought about one million tons of soybeans. It was 
also rumored that Russia had bought feed grains from the 
United States." 


Iowa raises approximately one billion bushels of corn and two 
hundred million bushels of soybeans -each year. Yesterday's price 
increase would mean one hundred seventy million dollars to loAva 
farmers if applied to one year's crop. The impact nationally is 
proportionately greater. 


ORIGINAL PAGE |S 
OP POOR QUALITY 



Page Two 

Dr. James C. Fletcher 
July 2, 1976 


The importance of farm exports in our favorable balance of trade 
as well as the impact of price fluctuations on the ultimate cost 
of food makes the market system important to all citizens. 

The argument is not that better information will always mean higher 
prices. It will not. The argument is that more accurate and current 
information v/ill allow for better decisions at all levels. 

Crop production estimates in this country are inadequate. Early 
season estimates with periodic updates tend to lag far behind what 
is actually going on. Information from other countries is often 
little more than "seat of the pants" judgments about what is 
happening . 

With better information on world food supplies and prospective 
crops, farmers can make better decisions on planting, harvesting 
and marketing. The planting season when crop plans can still be 
changed begins in this country as the harvest season begins in the 
southern hemisphere. 

A private firm or a foreign country v/ith a more accurate estimate 
of grain supplies, even if it pertains primarily to their own 
holdings, not only have an advantage in the grain market, they 
are in a position to potentially exploit the American farmier and 
the public in general. Russia's activity in our grain markets in 
the past few years has been a classic example. More accurate as- 
sessment of Russian grain supplies would be exceptionally useful 
in determing US export policy. 

The total result from LANDSAT FOLLOW-GN will not be immediate 
although accurate acreage information would be a major achievement. 
Changes in the imagery during the first growing season will not 
be particularly meaningful the first season but will improve v/ith 
each year. Ground proofing of detected variations and the cor- 
relation of those variations with yields will continually improve 
the accuraev. 

Time is important. The data base must be developed to provide 
accuracy. Each growing season is unique in any particular area so a 
delay in the program means that portion of the data base is lost 
forever. 

World food supplies are marginal. Consideration may have to be 
given in the near future for management of surpluses in good years 
to avoid wild fluctuations between devastatingly low prices and 
subsequent high prices v/ith widespread famine. Any attempt at 
world food supply management would be futile without an accurate 
information system. 
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Given this very fundamental need for the LAKDSAT FOLLOW-ON Program, 
there are many other beneficial uses for the data. Nearly all 
state agencies involved in natural resource areas can benefit from 
the program through lower cost imagery, more current imagery or 
obtaining information that otherwise would be unavailable. 

The program at this point has just begun to demonstrate the potential 
uses for this program. I believe any delay in its future develop- 
ment would be a drastic mistake. 


Sincerely, 


AV:ei 

CC Delegate J. Hugh 
Ms. Sally Bay 
Senator James A. 


Andrew Varley 
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Mack, Vice-Chairman 
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Governor 
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June 30, 1976 


Mr. David W. Johnson 
Staff Assistant 
Nationa.1 Governors ' Conference 
1150 Seventeenth Street, N.W. 

Washington, D. C. 20036 

Dear Mr. Johnson: 

Recently I received a draft resolution supporting the Landsat 
Follow-On Program from Governor Salmon. Per -Governor Salmon's 
request, I am forwarding my comments concerning the draft 
resolution - 

We are interested in the proposed improvements of the Landsat 
Follow-On System. Presently, vie. maintain computerized land 
use information as part of Louisiana's Comprehensive Planning 
Information System. The land use information is delineated 
from high altitude color infrared photography to the second 
level of the U. S. Geological Survey classification system. 

To date, no one has been able to duplicate all second level 
land use classification utilizing only Landsat information. 
Should the increased resolution of the Landsat Follov/-On Systems 
enable second level land use delineations to be perfo3:med 
at an equivalent or reduced cost to that of conventional high 
altitude aerial photography, we would be interested in arrange- 
ments to receive the Landsat information. 

Vie are also interested in the possibility of using present and 
future Landsat satellites for land use chazige detection. Wo 
are aware of federal agency efforts to inve.shigate these possi- 
bilities and will be interested in the outcome of the research. 

Our own experiancG with tho_use of Landsat imagery to delineate 
flooded areas has convinced state personnel that Lands^^t imagery 
is a useful tool for quick evaluation of flood disasters. 
Ilov/ever, the proposed ten-day delivery schedule may limit the 
use of Landsat imagery for operational uses. 

Of particular concern to our natural resources agencies is the 
transfer of the Lnnd.sat tcclinolocjy to our personnel. It is 
hopeful that regional technical -assistance centers v/ill be 
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maintained and that these centers will offer short course 
instrucbion (three or foiir days at one time) and on the job 
training for our state personnel. 

Accordingly, we support the implementation of the proposed 
Landsat Follow-On System. 

Sincerely, 



c: Honorable Thomas P. Salmon t/' 

Governor, State of Vermont 
State House 

Montpelier, Vermont 05602 
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Dr. James C. Fletcher , Administrator 

National Aeronautics and Space Administration ORIGINAL PAGE IS 

Washington, D.C. 20546 OF POOR QUALITY 

Dear Dr. Fletcher; 

NASA has proposed a program which we feel to he of great importance 
to the technical communities of this nation and state. I am referring 
to the LANDS AT Follow-On System, and heartily endorse the operation of 
this system. 

We have had a most beneficial relationship with NASA through the Earth 
Resources Laboratory, Slidell, Louisiana. Many problems in the areas of 
resource management, wetland surveys, water resource observations, and 
emergency information have been provided by ERL, 

During the recent floods (1973--1975) we were most fortunate to have 
access to LANDSAT data. Quick decisions are necessary and they must be 
based on reliable information. We are now entering a period of extreme 
importance relative to the management of o\ir natural resources. Strip 
mining operations for recovering lignite will be initiated in the near 
future. We are anticipating environmental problems and the need for data 
such as that available from LANDSAT is required in solving such problems. 


The Office of State Planning, Department of Public Works, Louisiana 
Department of Highways (now undertaking ecological studies of the impact 
of landfills in the wetland), and the Department of Conservation are only 
a few of the state agencies who have used LANDSAT data. We are looking 
forward to a continuation of our relationship with NASA, and intend to 
adopt the LANDSAT-l land classification system in one of these state 
agencies this year. ERL will also participate with several agencies in 
monitoring the coastal environment which -^^ill be impacted by development 
of the off-shore oil terminals. The resolution, geometric correction 
‘function, and the increased number of data channels will give more accurate 
data relative to the coastal zone environment. We are especially interested 
in the rate of land less in the delta zone; recent projections reveal that 
as many as 20 ms.^ yr. is being lost. These losses will effect the location 
of oyster leases, ^rapping leases, and other resource recovery programs. 

The LdU Division of Engineering Research, and the Center for Wetlands 
Research, in coeperauion with the State Division of Administration will 
“ioimnit professional people to the transfer of MSA technology to state 
agencies during the next year. I refer primarily to the LANDSAT-l system. 
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Please accept our endorsement of the system and if there is any way 
we can be of assistance in assuring the successful launching of this 
project let* us know. 


Sincerely yours, 

CHARLES A. WHITEHURST, PhD 
SCIENCE ADVISOR TO THE GOVERNOR 


kh 

cc: Russell L. Schweickart, Director 

User Affairs 
Office of Applications 
NASA 

Washington, D.C, 205^6 



II“C(ll-3} 



EDV^IN CDWAHOS 
GOVERNOR 

CHARLES E. ROEMER. II 
COMMISSIONER OF 
administration 


1 RICK W, RYAN 
IVE DIRECI or 

PAUL R. MAYT.R.JR 
">TAN r DIRTC roll 


ij04/JRq Vni I 


OIi=G=BOE 0>IF ■^MEH OOWiHFS^aOF.? 


original PAGRjg 

May 17, 1976 POOR QUAlJTYi 


Dr. James C. Fletcher, Administrator 
National Aeronautics and Space Administration 
VJashington, D. C. 20546 

Dear Dr. Fletcher: 
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He are interested in the proposed improvements of the LAHDSAT 
Follow-on System. Presently, we maintain computerized land use 
information as part of Louisiana's Comprehensive Planning Information 
System. The land use information is delineated from high altitude 
color infrared photography to the second level of the U. S, Geological 
Survey classification system developed by Dr. Anderson and others. 

To date, no one has been able to duplicate second level land use 
classification utilizing only LANDSAT information. Should the 
increased resolution of the LANDSAT Follow-on Systems enable second 
level land use delineations to be performed at an equivalent or reduced 
cost to that of conventional high altitude aerial photography, we 
would be interested in arrangements to receive the LANDSAT information. 

We are also interested in the possibility of using present and future 
LANDSAT satellites for land use change detection. Arrangements are 
already underv/ay between the U. S. Geological Survey and the Earth 
Resources Laboratory of the Lyndon B. Johnson Space Center to invest! gat 
this possibility. Since a portion of Louisiana may be chosen as the 
test site for this demonstration, v^e are awaiting the inception of the 
project and our involvement. 

Due to excellent service rendered by your staff, we were able to provide 
Governor Edwards with flood inundation information during the April, 197 
flood within four days after the pass of LANDSAT. The information was 
used operationally by state agencies and to document Louisiana's request 
for a major disaster declaration in 19 parishes. The key factor in the 
use of the LANDSAT data was its rapid availability made possible by your 
staff. Although the data from the LANDSAT Follow-on System will be 
available to the user in approximately ten days, this may not be suffici 
in cases of natural disasters. It may be appropriate to identify instan 
e.g. , floods, whici» v/arrqnt more timely delivery and establish policies 
for such requests. 



Dr. James C. Fletcher 
May 17, 1976 
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Accordingly, we support the implementation of the proposed LAHDSAT 
Follow-on System. If I can be of further assistance, please advise , 
me accordingly. 



PATRICK W. RYAN 
Executive Director 


PWR/kc 

cc: Governor Edv/in Edwards 

Louisiana Congressional Delegation 
Dr. James R. Anderson 

Mr. Charles E. Roemer, II, Co.iimissioner of Administration, Baton Rouge 

Hr. Wayne Mooneyhan, Earth Resources Laboratory 

Mr. Blaine Liner, Southern Growth Policies Board 

Dr. Charles A, Whitehurst, Science Advisor. to Governor Edv/ards 


Action Copy to 
Info Copy to 

.loc’d in 

'■''iJSDcnsi' Dhi.e A" 

R<r!y for ^ 
‘Signature of — 






STATE OF LOUISIANA 

HOARD OK COMMIRBIONEtl.S 

OFFSHORE TERMINAL AUTHORITY 


May 7, 1976 


1130 Intemitioniiil Tfnde Msri 
New Orle^ni, Loimiena 70130 


^ , Te>eDhofj'-^?tVlV^27 501 G 

Action Copy to 
Info Copy to 


Dr. James C. Fletcher 

Administrator 

NASA 

Washiaiyton, D.C. 2054 6 


ORIGINAL PAGE IS 
op POOR QUALOT 


Dear Dr. Fletcher: 


Rec’d in Codo C 
Conl.’ol i^.tTibcr 



r. c n 7 P \ 4 

^ A\..> 


r*-<- 
1 ' 

:-TG':ci'G Repiy for 
oirr.uUire of 


I am wr.iting in su}iport of the implementation of the pro- 
posed X.ANDSA'J’ Follow-on System. O'lie capabilities of this systr-m 
would be extremely valuabl.e to numerous publ.ic agencies and 
private intere.sts in Louisiana, e.specially in the areas oi coastal 
zone management and doepv.’ator port development'. The improvements 
of the? proposed system over LANDSAT-1, . pai'ticularly increased 
resolution and timely data transmittal, will not only bo useful 
Z.O our agency, but may bo crucial to whether LANDSAT data are 
suitable for our needs . 


The Offslioi'e Terminal Authority was created by the Louisiana 
Legislature to guide deepwater port development in the State. 
Assurance of environmental protection is the most important part 
of this mandate. With the expected development of a Louisiana 
deepv/ater port by private interests (LOOP Inc., a consortum of oil 
and transmission companies) , the role of the /iuthority will 
largely be that of licensing and regulatory agent of the State. 

One of the major functions of the Authority v/ithin tliis role will 
be the conducting of an environmental monitoring progi*a)n, to de- 
tect possible environmental .impacts of the deepvjater port or its 
onshore facilities. Remote sensing techniques covild be an .impor- 
tant source of data to the total monitoring prog.ram. 

As cv.Ldcnce of our interest in remote sensing, the Autliority, 
in conjxmction v;ith NASA, has taken the first steps to utilize 
LANDSAT remoLc sensing data in monitox'ing construction and opera- 
tion of the Louisiana deepwater port and its related onshore 
facilities. A proposal has been submitted to NASA management by 
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rhe Earth Resources Laboratory of the Lyndon B- Johnson Space 
Center for a three year demonstration and implementation project 
aimed at utilizing satcliitc capabilities in our monitoring pro- 
gram. These satellite capabilities include near-real time data 
collection and dissemination from ground emplaced sensors, as 
well land cover classification and v^ater surface temperature and 
salinity measurement from LAMDS/iiT data. Approval of the project 
proposal by NASA is expected by May 30, v;ith start of the project 
in October, 1976. The Offshore Terminal Authority is in the pro- 
cess of obtaining the approvals, necessary for our participation. 

One of the purposes of the proposed project is to dem.onstrate 
the usabi lity of L;AKDS7vT spectral data i n determining land cover 
types and changes in land cover that may be caused by pipeline 
construetJon and operation (salt v?ator intrusion, sheet flov/ 
interx'upt ion , subs.idence, turbidity, erosion, etc.), or by opera- 
tion of offsliore and onshore facilities — oil and other possilsle 
pollutant discharges. Remote sensing capabilities v?ill be 
valuable boc^m 5 e of the wide area that m.ust be monitored and the 
reDative inaccessibility of m.uch of that area. LZiNDSAT data 
should provide basin-vride monitoring at a relatively inexpensive 
cost, a goal wliich may be otherwise unobtainable. 

Two possible major limitations to our use of LANDS7iT-l data 
may be resolution and timeliness. It must be confirmed in the 
demonstration phase of the project that resolution such as the 
LANDEAT Follow-on System is capable is suitable to our use. Ne 
do know at this time that resolution~of % acre v;ould be valuable 
to our program, because of the site-specific nature of our 
interests. Similarly our need to detect land cover changes 
quickly, so as to implement corrective action, v/ill require the 
most timely transmittal of information possible. 

In addition to the potential use of LAWDS7tr data in our 
compi'ohensive monitoring program, such data would undoubtedly 
be valuable in numerous land use mai^ping and environmentally 
related projects in Louisiana. Most notable of these v;ould be 
the dove] oping coasLal zone management (Coastal Resources) pro- 
q.-am being undertaken by the State Planning Office. In addition, 
\;c understand Regional Planning Commissions throughout the State 
are keenly interested in developing accurate land use maps for 
their -areas. The Louisiana VJildlife and Fislieries Commission is 
presently monitoring the coastal zo)ie to assess the importance of 
estuarine and marine ecological change on biological productivity, 
as .it may relate to coimnorcial species. These activities will 
form tlie basis of future .land and v^ater use decis.ions. 

For thf;se reasons, we support tlie implementation of the 
I/ANDCAT 3'’o]Jow--on System, as a necessary ajid readily available 
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decision jaak.ing tool in Icind use planning ai'id environmental pro- 
tection. 


Very truly yours, 







Shf{ji^ird P. PerrDJi, Jyyi 
Executive Director 


SFP/JGC/crc 

cc: Mr. Rusrioll L. Schv;oickart 

Di'. Cliarle;. A- ^’hltelmi*st 
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Department of Highways 
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BATON ROUGE. LA. 70804 
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Dr. James C. Fletcher 
Administrator, NASA 
Washington, D.C. 20546 

Dear Dr. Fletcher; 
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Although the Louisiana Department of Highways has not found 
landsat data applicable to general uses, they have played 
an important role in a few specific areas. We have used the 
near infra-red photography in several lawsuits and sensitive 
land areas to determine the extent of possible water pollution. 

By ground verification and source identification we have been 
able to avoid exacerbating an existing problem. The photo- 
graphs have, in these cases, lead to a review of the proposed 
drainage structures along highway s ’ eith er planned or being 
constructed, and, in a few instances, this review has lead 
to design changes which have improved drainage across highway 
embankments, thereby, removing an impediment to free water 
exchange in a wetland area. 

The exact cost/benefit ratio is difficult to determine for such 
usage. The availability of the photographs has certainly re- 
duced the cost of highway improvements over an extended period. 

It has also allowed the identification of probelm areas in 
advance of highway construction, whereas without the photographs 
highway access vtfould have been a prerequisite to even learning 
of a potential problem. Landsat data has the added advantage 
of a greater areal coverage than that which could be surveyed 
on the ground. 

The proposed landsat follow on technology is potentially more 
useful to the Department than the current data. The greater 
resolution is important for specific areas of interest, as is the 
more timely coverage. We also anticipate that thermal infra- 
red coverage will provide more meaningful data for our particular 
uses. These impx'ov eraen ts should allow us to track growth cycles 
of various plant indicator species with greater precision. 

Currently there are no formal programs or committment of funds 
for tlu‘ use of NASA plioto i mn gory on a daily basis. This is 
primarily due to the lack of ready access ,and the higher cost 
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of these data. When these impediments are overcome, we 
anticipate a greater usage within the Department. 

We would appreciate being informed of any future improvements 
in the system which would increase the capabilities of the 
landsat system. 


Yours very truly. 


E, J. BRECKWOLDT, P. E. 
MATERIALS & RESEARCH ENGINEER 



G. H. CRAMER, II 

HIGHWAY ENVIRONMENTAL ANALYST 


GHC : racb 


cc: Russel L. Schweickart, Director 

User Affairs 
Office of Applications 
NASA 

Washington, D.C. 20546 

Charles A. Whitehurst, PhD 
Science Advisor to the Governor 
Executive Department 
Baton Rouge, Louisiana 
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Gary North, Director 

Engineering and Science Services Laboratory 
National Space Technology Laboratories 
Bay St. Louis, Mississippi 39520 
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Edv/jn Cowards 

Gove H NOR 

CHAf^LES E RoEMER. n 
CoUMlSStONCR 
and 

ExtcuTivt Assistahi to thc Governor 


;S>taic ci 

OFFICE OF THE GOVERNOR 
DIVISION OF ADMINISTRATION 

April 27, 1976 


Dr. James C. Fletcher 

Administrator 

NASA 

Washington, D. C. 20546 
Dear Dr. Fletcher: 

I wish to convey my support of the proposed NASA LANDSAT Follov;-0n System. 

I am familiar with the LANDSAT program through our Louisiana Technology 
Transfer Office at NSTL, Bay St. Louis. We utilize LANDSAT data in many 
phases of state government, and appreciate the value of this timely information 
upon which v/e have based many major decisions. Decisions affecting not only 
the expenditure of great sums of money, but also the day-to-day lives of the 
citizens of our State. 


Our Louisiana Forestry Commission uses this information as a tool in making 
inventories of state reserves, as well as for planning purposes and also to 
detect any diseased stands of our natural resources. 


In conjunction with the State Planning Office, the Louisiana Technology Transfer 
Office provided flood assessment damage during the recent floods of 1974. This 
information, provided to us within 48 hours, was invaluable in our request for 
immediate disaster relief for those citizens affected most seriously by the 
flood. By haying this information available in such a short time, we were 
able to expedite the securing of this release. 


By comparison, in the 1973 flood acreage assessment it was some months before 
information was available in order to submit proposals for disaster relief. 


Others areas using LANDSAT information include the Department of Highways North 
South highway proposal; coastal zone projections and zone management information 
as well as Superport environmental monitoring. 
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i encourage you in your implementation of this new program and pledge the State 
of Louisiana's continued use of all available NASA as well as NSTL technology 
through our Louisiana Technology Transfer Office. This institutional arrangement 
through our LTTO and NSTL has been a most valuable resource to the State of 
Louisiana and I encourage its continued operation. 

Should you require any additional information or documentation, please call 
on me at your convenience. 


Sincerely, 





Charles E^oemer, II 
Commissioner of Administration and 
Executive Assistant to the Governor 


CERIIige 


cc: 


Mr. 

Dr. 

Mr. 


Russell L. Schv/eickart 
Charles Whitehurst 
Charles D'Agostino 


* -r *n A m?. 




Info Copy to KZi&l 

ft - 9-S'4-s I t&f 


Reu’d In N-ASA 

Ciispcnso Dctc 
Pr-''paro Reply for 
f'-' •’.nature of __ 





LOUISIANA S T A r E U i 1 V E R S I T Y 

AND agricultural AND MECH/-'ICAL COLLEGE 
BATON’ I? O U <; E ■ L O U I 5 I A N A • 

UO\i|^IAr<A HtVOUMtU:^ f<L:ACAftCll IMlfTirUTE 

AREA core 504 
TELEPHONE OQ0.COO3 

April lU, 1976 


Dr, James C. Fletcher, Administrator 
National Aeronautics and Space Administration 
■Washington, D.C. 205^6 


Dear Dr. Fletcher: 

The Louisiana V/ater Resources Research Institute (L'VJRRi) is 
responsible for encouraging original, purposeful water research and for 
promoting rational water resource management. Members of the Institutes 
Advisory Board represent the engineering, geological, legal and medical 
professions, as well as agriculture and industry. 

During the past 5 years LV/RRI has had a close working relationship 
with NASA personnel from the Earth Resources La.boratory, IISTL, Mississippi. 
We in the Institute appreciate this relationship and heartily endorse 
the proposed LAI'TOSAT-Follow-On System; it i^-ill improve the opportunities 
for interaction and cooperation. Our projects have included investigations 
of erosion on the coast, littoral current flows around jetties, saltwater 
intrust ion, water quality surveys and a study of the impact of Mississippi 
River diversion into the Atchafalaya Basin. Remotely sensed imagery has 
played an important role in all of these studies. 

V/e are now faced with new problems, most of them arising from, or 
directly related to, energy production,^, Oil and gas exploration, lignite 
strip mining, and proposed agri-fuel~f&ms will effect our water resources. 
The need for accurate and timely data in decision making relative to these 
operations is apparent. Base line studies are important and the proposed 
LAIJDSAT Follow-On System could assist us in defining the base data. More 
importantly, changes to the data, especially relative to the proposed 
mining operations are needed at the local level (as well as in state 
agencies) so that proper steps can be talcen to maintain a viable water 
resource in any area. 

We anticipate working closely with the Center for V?etlands Research 
when they obtain the LAJfDSAT-1 land classification system. (It is my 
understanding that this system will be adopted by CV/R this coming year.) 


LVWKl has representatives on most of tl^c States Regional Planning 
Cor missieu:; , the Corp.s I'f Kiir..inoors Metropolitan ta'cci Study, and other 
state agencies. Information received from the i>roposed LAhDSAT system 
would be ineorpo.'-;:! ed wnerc possible into the operations of these 
iigericie:; . 



Dj*. JcLTifis C- I'U c'Lchoi’ , Acbniniatratoi' 
Pa^e 2 

April 1^4, 101 


LV/^RKI encourages the adoption of the new system, 
of assistance in any way, please call me or my staff. 


If we can he 


Sincerely, a 



Elvin J. ,f>antin. Director 
Louisiana Water Resources Research Institute 


cc: Russell L. Schweickart, Director 

User Affairs 
Office of Applications 
NASA 

\fashington, D.C. 205^6 ORIGINAL PAGE IS 
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EDWIN EDWARDS 
GOVERNOR 

CHARLES B. ROEMER, 11 
COMMISSIONER 
AND 

ecutive assistant to the governor 

JAMES H. CLINTON 
JOINT POLICY COUNCIL MEMBER 


OFFICE OF THE GOVERNOR 
DIVISION OF ADMINISTRATION 

TECHNOLOGY TRANSFER OFFICE 

May 3, 1976 





CHAF2L.ES 2-. u O 

DIRECTOR 

LEE W. JENNINGS 
ASSISTANT DIRECTOR 
AND 

BATON ROUGE COORDINATOR 


Dr. James C. Fletcher, Admi n.i.strator 
National Aeronautics and Space Administration 
Washington, D. C. 20546 

Dear Dr. Fletcher: 

The Louisiana Technology Transfer Office (LTTO) was established by 
Governor Edwin Edv^ards as the agency for facilitating technology appli- 
cation and utilization in Louisiana. The LTTO working with NASA and the 
National Science Foundation has established an office at the NASA/National 
Space Technology Laboratories in Bay St. Louis, Mississippi. Through 
this office, Louisiana is aware of the current LANDSAT program and is 
excited about the increased capabilities of ’the proposed LANDSAT Follow- 
On System. 

The LTTO, which serves as a technology broker for Louisiana governmental 
agencies and industry, has documented many LANDSAT users. Among these 
are the Louisiana Department of Highv/ays, using LANDSAT data for high- 
way planning, and the Louisiana Forestri^Commission, using LANDSAT data 
for crop inventory analysis. 

In addition, the Louisiana Offshore Terminal Authority, which is charged 
with' the environmental monitoring of the Louisiana Superport site, is 
currently working on plans for implementing a Satellite Environmental 
Monitoring System on State computers. This project will make LANDSAT 
available to many state agencies and other potential users in Louisiana. 

This effort will bridge the technology gap between the State and Federal 
Government by providing technology transfer in its purest form. 
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Ur. JcJiiies L. hleLcher 
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Other important uses for LANDSAT include quick response disaster programs 
such as the Mississippi River Flood Analysis and- the Hurricane Carmen 
Damage Assessment. Also, the Louisiana Coastal Zone Management Program will 
rely heavily on future LANDSAT programs. 

Now that Louisiana is making an effort to incorporate the current LANDSAT 
land classification system into the State information system, the proposed 
follow-on system adds more excitement and meaning to this technology 
advancement. 

Please call if more information or documentation is desired. 

Sincere.ly, 

Charles F. D’Agostino 
Director 

CFD:bc 

cc: Mr. Russell L. Schweickart 

Dr. Charles A. Whitehurst 


original pa® b 
OF POOR QUALITY 


Action Copy to 

infn Copy to 

lloc'd in N'ASA SrAzZL. 

.jC’isponse Date ShtJ'JLr-. 

' Pronare Reply for 

Signature of 





/ 1'' " ' 
!tF 

xrf 'JCoixroituut 

I- 

OFFJCt: OF Itl'C 
DIVISION or ADMINISTRATION 

iinviw i u\vA»:L»;> 

April 27, 1976 



JA'/LSM 

lO 



Dr. James C. Fletcher 

Administrator 

NASA 

Washington, D. C, 20546 
Dear Dr. Fletcher: 

I believe the. nev/ NASA LANDSAT Follow-On System can only enhance the 
utilization of this already-appreciated resource. 

As a Joint policy council member for the Louisiana Technology Transfer Office, 
I have witnessed the application of this data in state government. Such 
agencies as the Forestry Commission, State Planning Office, Department of 
Highways and the Superport Authority hove used this information to great 
advantage for the citizens of Louisiana. 

LANDSAT data would be vital in environmental quality monitoring for the 
Superport Authority, and we hope to establish a system based on it. 

As Commissioner Charles E. Roomer, II has continued to support the Louisiana 
Technology Transfer Office at NSTL, Bay Sc. Louis, making LANDSAT ’data 
available to all prospective state users, we are very much in favor of your 
proposal to improve the system. 

If I can be of any assistance to you, please do not hesitate to call upon 
me. 


Sincerely,,^ 




Janies H. Clinton 
/Assistant to the Commissioner 
Joint Policy Council Member 


cc: i/Mr. Russell L. Schweickarl 
Dr. Charles Whitehurst 
Mr. Cliarlos D’Agost I no 
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MARVIN MANDEL 

GOVERNOR 


MARYLAND 

DEPARTMENT OF STATE PLANNING 

301 WEST PRESTON. STREET 
BALTIMORE. MARYLAND 21Z01 
telephone. 301 - 383-2451 


VLADIMIR A WAHBE 
secretary of state Pl.ANNJNtI 


August 3 j 1976 


Dr. James C. Fletcher 
National Aeronautics and. Space. 

Administration ORIGINAL 

Washington , D . C . 20546 OF POOR QUALITY 

Dear Dr. Fletcher; 
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The State of Maryland has been involved with remote sensing as a means of 
gathering data useful for land, use mapping, studies of critical areas and land 
capability/suitability analysis since 1971. At that time, the Department of 
State Planning was an experimenter on a NASA-ERTS-l demonstration project. 


The Department is still committed to the utilization of data obtained 
through remote sensing techniques as was indicated in our Final Report 
(Contract No, NAS5-21779 ERTS-l Investigation -{fZSl) . We supporb the expansion 
of a continuous role for remotely sensed data in planning programs. 


The Director of the Comprehensive State Planning Division, Edwin L. Thomas, 
attended a recent meeting of the Remote Sensing Task Force of the National 
Conference of State Legislatures. The comments offered by the Department at 
that session reenforce our commitment. It is our belief that the Landsat 
Follow-On Program will provide the means necessary to fulfill the Doparbment's 
long term objectives in the area of remotely sensed data utilization. 


We see the inclusion of greater spatial and spectral resolution in the 
Landsat Follow-On Program as particularly important. The Thematic Mapper i^jith 
ibs 5 bands and 30 meter spatial resolution is indispensable in increasing tho 
ubility of this data to sul^-sbatc: jurisdicbiono. Wibli ib, area w.i.do and 
county land iioo j>lanning along \jith growbli manageinont would bo j)lac('d flniily 
wibhin the roinolc sensing pcrspoclivc. 

The advantages of remote sensing noted in our final report to NASA ts’ould 
be even more significant under the Landsat Follow-On Program. Specifically, 
the proposed improved sensor and system capabilities v/ould permit greater; 

1. Standardization of data collection and reporting techniques 

2. Timeliness of information, speed 

5. Change detection 

4. Substi tuition for other data sources 

5. Updating capability 

6. Q,uick look - discovery of areas needing more detailed examination 

7. Economy - prevent duplication 



Dr. James C. Fletcher 
August 3, 1976 
Page 2 

8, Reliability (lacking ambiguity) 

9. Accessibility 

10. Accuracy without ambiguity 

Sufficient continuity exists between the Landsat C System and the Landsat 
Follow-On Program to insure data continuit 3 '- for the most part. We noted that 
a decrease in the period of time between data acquisition and availability to the 
user is proposed. In this regard, the Department has recommended that more 
training is needed along with increased equipment availability and technical aid 
to adequately handle the increased amomts of data. 

For your information, I am sending you a copy of a statement which Senator 
Mathias placed in the Congressional Record of J\me 23, 1975 regarding our ERTS 
experiment. 

The Department supports the proposed Landsat Pollow-Qn Program; xt xs 
imperative that this program planning continue because it provides a positive 
climate for existing and short term remote sensing data utilization activities. 

Thank you for your assistance in this matter. 

Sincerely,, 


Yladimir W^ahbe 


nh: letter; Governor Handel to Maryland Congressional 

Enclosure 

cc: Senator Charles MeC. I'dathias 

Senator J. Glenn Beall 
Congressman Robert E. Bauman 
Congressman Clarence D. Long 
Congressman Paul Sarbanes 
Congresswoman Marjorie S. Holt 
Congresswoman Gladys Noon Spellman 
Congressman Goodloe Byron 
Congressman Parren Mitchell 
Congressman Gilbert Gude 
Delegate J, Hugh Nichols 
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The Stale of Marylarid has parlici[ialcd in a varicly of programs designed to employ the 
latest technologiccd advances. 1 feel that the D<^j)artmcnL of Slate Planning’s involvement in the NASA- 
ERTS-1 demonstration project, which utilized data gathered by a satellite' in earth orbit, is an outstand- 
ing example of such a program. Up-to-date land use mapping for the cntiic State has been completed 
under Uiis program. This jnfonnation along with other inputs will assist in the production of a State 
Gcncrcdized Land Use Plan. 

Rased upon the information available al tliis time, we support the NASA bandsat 
Follow-On Program. iccognizc that several questions still remain including difficulties concerning 
data processing capability; however, overall program effectiveness would not be liamj)crcd when these 
mailers arc finalized. 

The data produced by Lamlsal have proved to be quite valucdjio lo the Stale of iMnry- 
latid. Tiio changes proposed for the Landsat Follow-On ITogram would provide the greater detail 
needed to make it even more vaJuablc to Slate level planning ageneie.s. Tlie improved lesolution and 
frequency of coverage would j)Ormil impiovcd studies of forest dcfoliatioiK water quality, land use 
change in dynamic areas, shoreline dcYclopineiU and change, as well as land form and geologic analysis. 

It is essential that NASA be allocated sufficient funds to snslain the bandsat Follow-On 
Program. Our research lias demonstrated that the total costs to acquire, process, inlcrprot, handle, and 
map uses bevel 1 land use data arc approxijnately thirteen (13) limes greater if PUTS is not utilized. 
TIk'sc reduced costs will assist all levtds of goveriiJiicnL in increasing the benefits rcLunicd to tlicir 
residents for each lax dollar collected. 

The bandsat I'ollow-On Progiam is a logical and iKmcfieial e.xlension of existing pro- 
grams. The udvaTices made under Lius original NASAdiJUl'S- 1 project should not 1)C blunted by fail- 
ing to support this [)rogram. Our experience has shown Liuil reduced costs and increased benefits 
have resulted from the use of data gathered by satellilos in earth orbit. With respect to this program 
one can certainly say that the future is now. 

Tiiank you for your consideration of Lliis matter. 

Sincerely, 


^ QUALITY 


V Icbcl i /4. V\fzL<V\i?e> 
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SATELLITE OVER MARYLAND 

Mr MATHIAS, Mr, President, I 
to call the attention of the Senate to a 
\eiy interesting example ol the applica- 
tion of NASA-developed technology for 
the direct use and benefit of people and 
local government. The Maryland Depiu t- 
meiit of State Planning and Earth S^itel- 
Hte Corporation have published the re- 
nuUs of an explrment entitled *'Applica- 
lion of ERTS-1 Data to Integrated Slatr 
Planning m the Slat'' of Maryland *' Thi'^ 
was a joint public agency-piivale corpo- 
latiou eJToit to examine, test, and apph 
remotely i^ensecl data fixnn satellites and 
other sonsois in Uie reiiUstIc setting of h 
statewide general land -use plan progrutn 
Additional input to the stud> was ])ro- 
cuied by the use of high airaaft imagery 
foi moic detailed resui Us- 

ThK 200-page document should be \ei \ 
Important reading foi land-use planners 
on all levels of Goveimmeiit It shows that 
NASA satellite data has a demonstrated 
capability to produce land-use Informa- 
tion on a par with U S. Geodetic Survc.> 
mfoimation^at a chst substamially lo\ er 
than Uie cost to produce similar informn • 
uon by traditional means Maryland was 
a most exacting te?t case for the appllca- 
fton of satellite data as il Is a small 
densely settled, and diversely landscaped 
State and this study concludes that in 
en\ironments of less complexity much 
higher use levels will be realized for 
satellite -produced data. 

We do not today know all of the ilscs to 
which satellite-produced data can be put 
This is a new field and a growing one, I 
commend to any interested party that 
they review this study as it may well 
.^erve os a baseline piogram for othci 
States and regions to look at and to bene- 
ill fiom In the many ways that aie poi * 
t laved throughout the repoiL I am Mm 
that Mr. Vladimir Wahbe .sccietaiy oi 
the Maryland Department of Suite PKui' 
nlng in Baltimore, and o the is a^^sociated 
with this department In the piepaiation 
of tills study, would be pleased to rtK."ei\c 
uuiuiric,s and to ''Upplv m,: 

about It 
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LOUIS N. PHIPPS, jn. 

DEPUTY secretary 
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Dr. James C. FleCcher, Administrator 
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'I'hu State of Maryland is appreciative of the applications of Lanclsat 
data w'aich has been generated at the IJASA/Goddard Space Flight Center, 

The specific application to which X refer is a rained land inventory of 
\?csteru Maryland using Landsat data. The investigation was done by 
ArLliiir T. Andca'sen, NASA/Goddard, who worked in close collaboration \;ith 
Maryland Geological Survey personnel. 

The methodology vTorked out hy Hr. Anderson provides the State of Maryland 
with a rapid ^ cost-effective program for inventorying the mined lands in the 
coal region in our westerni.:os t counties. This rapid mapping technique will 
make it possible to inventory the laud mined in the area over a given period of 
time and has potential in identlf^^ing the quality of reclamation in areas \7hcre 
mines have been backfilled and revegetated. 


The inventorying technique will assist the Maryland Bureau of Mines in its 
regulatory and luauagemcut functions because it will provide a rapid update and 
cross-reference for field determined mining and reclamation data. 

Y!o feel that significant savings may accrue to the* state from the deveiopmen 
of this TiUndsat technique. If the Landsat data could not .be used, other methods 
such as aerial photography on a periodic basis T70u]d have to be applied. A1 thoug 
aerial pliotograplis may lead to more precise measurements of mined land, it would 
also be considerably more expensive. 

Wc are now considering various means of putting the metliodology devcloj?ed 
by Mr. y\nderson Into operational use including assigning one of our geologists re- 
work viih Mr. Anderson at NAGA/Coddarcl for a short period to fami liariJ^e liiin.sclf 
with the luirdware and software applications. 



Dr. James C. Fletcher , 
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May 3, 1976 


We are looking forv.’ard to other possible follow-on activities including 
collaboration with NASA/Goddard in expanding the methodology of mined land invento 
developed in the coal regions of the state to those areas which have been affected 
by other types of mineral operations. 


Sincerely yours. 



James B. Coulter 
Secretary 


JDC: jd 
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J. Hugh Nichols 
HOV/ARD COUfiTY 

ON appropriations 


House or De locates 
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COUNTV ADDRESG. 

611 7 SEDRING DRIV ‘ 
COLUMBIA. MARYLANO 2)0 M 


July 2, 1976 


Dr. Ja"ies C. FleCcher. Administrator 
NASA/ 1 ! o a d q u a r t e r s 
Code A 

Washington, D.C. 20546 
Dear Dr. Fletcher: 
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As you arc probably aware, the National Conference of 
State Legislatures' Task Force on Satellite Remote Sen.str.g for 
State Policy Foruulatioii is completing an analysis o! the past 
and possible future uses of satellite imagery in State applica- 
tions. A final report v/ill be forthcoming sliortly. 


In the incantiinc, I thought you might bo in teres t-jd in my 
impressions as Chairman of the Task Force. The mer.be-s were 
very eiitnusi ast ic .about tho potential applications of this 
technology. A wide range of existing app I ic.- tiens wms reported. 
There is, however, an even wider range of potential app i i ca t ion.s 
but many State policy makers are hesitant to n.ake t)ic c.cpoo'li- 
turcs to implement them because of tlic uncertain ara i Lab ' 1 itv 
data . 


o C 


Therefore, I believe it is very important that 

.1 ^ 1 ^ -r \ f lA \ . -t -1 /"S - j. „ ^ 


ment be made to the LANDSAT Follow-On project 
and that this information be made availab.lc t 

.i. T- _ M ' — T y-' /-» jT - . 1 


as soon as 
to 1 1 1 c S t a 


a com:'iic- 
p u s i b 1 
03, possibl^ 


through the .National Governors Conference and tho .National ConsA 
ence of State Legislatures. Early knoi.'lodgc of .NASA's cor.i.c.itmen t 
will provide them the neces.?.nry lead t.ime and will permit tliem 
make the necos.sary inves tir.-ent d ' ' 

tlic wealth of resource data on 


leclsLons to tak.,-i 
.a II o n - o o i n 


perm i > 
ful L ad 


aciva:rc;i^‘c o 




Tlic last meeting of tlie Task Force 
and I believe tJie enclosed letter from riic 
and Co.'istal Zone .Administra I: ion • is a good 
imp re.s s Lons set forth above. 


W'.'is lie Id m my ov/n St.itc 
Director of our Energy 
example of tlie gcuoral 


l.nc 1 : 

/*/' * »■ 1' t.*.. I r r 


Since re 1 y , 



i i J.llugli .Nichols 
\ 



CHRjSTOPheR S. BONO 
GOveR^OR 


Executive Office 
State of Missouri 
Jefferson City 

April 19, 1976 


Dr. James C. Fletcher 
Administrator 
National Aeronautics and 
Space Administration 
Washington, D. C. 20546 

Dear Dr. Fletcher: 
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The State of Missouri has been participating in 
various remote sensing activities ivith great interest. 

Some of our activities and plans for the future evidence 
our interest in the future availability of satellite 
data and are summarized in the attached statement provided 
by the University of Missouri - Rolla. 

fvfissouri looks forv^ard to the continued availability 
of satellite images which we are finding of extreme impor- 
tance to many of our state agency programs. 


prw 
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SUMMARY Ol-' ACTlVTTIliS AND 


PLANS FOR THE FUTURE 
PROVIDED BY 

UNIVERSITY OF MISSOURI - ROLLA 


Missouri became involved in the early NASA sponsored 
and funded aircraft programs. A number of NASA flights Kcrc 
obtained by researchers at the University of Missouri and the 
Missouri Geological Survey during this pre-satellite program. 

Much useful information was acquired regarding the geology, 
soils and existing land use in specific areas of the state. 

In 1973 Governor Bond appointed a Committee on Remote Sensing 
reporting to the Governor's office, which reviewed the need for 
cataloging remote sensing data, determining user needs and 
developing an or'ganized educational program. This committee 
\\fas later reorganized as the Intcrdepai'tmental Council on 
Natural Resources Information. Through the efforts of the 
Council and the University of Missouri, two remote sensing 
conferences directed to’.v'ard application were held in 1974 
and 197 5. Course \vork developed at the University of 
Missouri and a remote sensing laboratory developed at the 
University of Missouri - Rolla have been supported by grants, 
loaned equipment, and advice from NASA and the USGS. Addi- 
tionally, tv/o detailed vrorkshops to provide hands-on experi- 
ence with remote sensing techniques and products have been held. 
These w'orkshops w'ere attended primarily by personnel of state 
agencies, and a number of specific projects have been initiated 
as a result of w'orkshops. 

One project has been an inventory of the Grand Platte 
River Basin by personnel from the Missouri Departmient of Conser- 
vation. Landsat I images were used to determine the forested 
areas of this river basin. Additional w'ork has sliov.'n that Che 
71/2 minute quadrangle maps can be updated to include the fores u 
areas. Satellite images were supplemented with aerial photography 
to produce an analysis of the type of timber, and estimate of 
productio.!. and an evaluation of wildlife and I'ocrcational potential 
This project ivas summarized in a report entitled "Procedures for th 
Grand Platte River Basin, Multiple-Objective Land Use Planning 
Study" issued in July 1975. 
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The Soil Conservation Service became interested in the 
use of Landsat images for developing an updated general 
soils map of our state. A contract for over $20,000 was 
developed with the Laboratory for Applications of Remote 
Sensing (LARS) at Purdue University to provide computer 
analysis and output of the Central Missouri area for this, 
purpose. Evaluation of this output is continuing, and it 
appears satisfactory to the point where consideration is 
being given to’ an analysis of the entire state. This infor- 
mation has been extremely helpful in the soil mapping program, 
a cooperative effort betv;een SCS, the University of Missouri 
Agricultural Experiment Station and the Forest Service, to 
provide detailed soil maps of the entire state. 

Another important project xvhich was an outgrowth of the 
earlier Governor's Committee on Remote Sensing has been the 
indexing of all aerial and space images over Missouri. This 
effort was funded by the Rural Development Center at the 
University of Missouri. A copy of the publication from this 
project entitled "Index to Aerial and Space Photographic 
Coverage of Missouri" is enclosed; This work suimnarizes 
all of the available federal, state, and private aerial 
photography, as well as Landsat and Sky lab images taken 
over Missouri. Future workshops on remote sensing will make 
extensive use of this publication. 

The index has already been extremely helpful to the 
Soil Conservation Service. The knowledge of existing high 
altitude photography has saved them over forty thousand 
dollars in two counties where they could order existing 
photography rather than schedule a ref light by their agency. 
This one cost saving is more than three times the cost of 
developing and publishing the index. 

A remote sensing applications committee of the council 
is reviewing the need for a state remote sensing information 
center. The committee is also charged with the responsibility 
for identifying remote sensing rcsearcli needs and providing 
coordination of remote sensing products among our state 
agencies . 



NASA Technology Transfer Grants issued to the University 
of Missouri and the Department of Natural Resources are de- 
veloping the procedures for manually producing Level 1 land 
use maps from Landsat images. Emphasis is also placed on 
organizing v/orkshops for training of local, county and 
regional professional staff in the use of Landsat images. 
Additionally, the contracts will look at the possibility of 
digitizing the aerial photography and space image indexes 
to provide a current update and more flexible utilization of 
that product. 

A study of the Mississippi River being conducted by 
the University of Missouri - Rolla for the Corps of Engineers, 
which draws upon NASA data, is also of interest to this state. 
The serious floods of 1973 and 1974 point the need for this 
important study. The effect of the river on commerce and the 
economy of our state is of obvious importance. 

The future satellite remote sensing systems are of 
interest to many of our state agencies. The increase in 
resolution from 70 meters to 30 meters of future systems will 
greatly enhance the detail and the planned use of these 
images. The soil mapping program, as indicated previously, 
would greatly be accelerated with the increased resolution. 

Our Department of Natural Resources and Department of Conser- 
vation are interested in a current inventory of our timber 
resources within the state. The assessment of the quantity 
and quality of this resource would greatly improve our ability 
to adjust our manpower and resource needs for the wood pro- 
ducts industry. 

The U.S. policy for all-out food production has had a 
direct effect on agriculture in Missouri. We are av/are 
that pasture lands in the northern part of the state have 
■been plowed up and planted to rov/ crops. In our Ozark Region 
in the southern part of the state timber and brush! and areas 
hcive been converted to pasture. We cxre in need of informa- 
tion roLativc to the extent of: these changes in order that 
our agricultural programs might be appropriately adjusted. 
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There arc certain episodical events such as drought 
and storm damage to crops which are also important to ouz' 
Department o£ Agriculture. We would anticipate the use 
o£ satellite images to assist us in determining the regional 
consequences of such events. An inventory of our irrigated 
lands, especially in dry years, would also be extremely help- 
ful. Many of our cux'rent yield models consider only moisture 
and temperature, and, therefore, emphasize the need for 
knowledge of irrigated acres. 

The Office of Administration has the responsibility 
for the land use planning function of tlie state. The know- 
ledg-e of current existing land use is extremely important in 
land use decisions. The Landsat information provides a way 
of z'cadily updating land use changes and assists in verifying 
any prediction trends. 

The mining industry is extremely important to Missouri. 
Geologists have been able to use the Landsat images to broaden 
the effectiveness of mineral exploration. A mine land inven- 
tory is currently being conducted to assess the total number 
of acres involved. We az'e also especially interested in the 
number of acres which have been reclaimed and the araount of 
z'eclamation which needs to be considered in the future. The 
-NASA Applications Transfer Grant v;ill greatly assist this _ 
effort and demonstrate the applicability of Landsat data in 
the management of mineral lands of the state. 

An increase in expenditures for the use of rem.otely sensed 
data is anticipated. It is difficult to forecast an exact 
dollar amount as of this date. The input from the Interagency 
Council on Natural Resources, as vrell as approval by the lieads 
of the different state agencies, will be considered. 
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316 North Fifth Street, Room 521 - Bismarck, North Dakota 58505 
Telephone (701) 224-3700 


A. William Johnson, Director 

July 7, 1976 


Dr. James C. Fletcher, Administrator 
National Aeronautics and Space 
Administration 
Washington, D.C. 20546 

J 

Dear Dr. Fletcher: 
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I am submitting this letter to be used as a testimonial 
in support of the NASA request to the Congress for approval 
of a LANDSAT follow-on program. Within the last two months 
the North Dakota Regional Environmental Assessment Program 
has made a major financial and programmatic commitment for 
the long-term utilization of LANDSAT information as a corner- 
stone of our geobased statewide environmental assessment 
system. We are utilizing this system to develop a land cover 
analysis for the entire State of North Dakota, and presently 
have an existent contract for the acquisition of such data, 
of 1974 and 1975 vintage, to provide a baseline for that 
analysis. One of the major reasons for selecting the LANDSAT 
capability, over other options we had available to us, was 
the expectation that changes in land cover could effectively 
be monitored through LANDSAT imagery over an extended period 
of time. 

The REAP program was established by the Legislative 
Assembly of the State of North Dakota in 1975. It is to 
provide for the state a comprehensive system for environmental, 
socioeconomic, and sociologic data acquisition, for the inte- 
grated assessment and forecasting of impacts, and for the 
monitoring of changes in baseline characteristics. The legis- 
lation provides specific mandates to REAP and outlines the 
purposes to be served by the REAP system. Rather than detailing 
this information in this letter, I enclose a copy of a document 
entitled "REAP Synopsis" which outlines briefly the history, 
the mandates, the purposes, and the activities of REAP. That 
document was dated January. 1976 and a number of these activities 
are much further along than implied by that document. Specifi- 
cally, we now have' in force $1.2 million worth of contracts 
with a variety of organizations for the acquisition and gathering 
together of baseline data in the general subject areas of air 
quality -meteorology , animals, geology, historic-archaeologic- 
paleontologic sites, land cover analysis, social impact socio- 
economic impact, soils, vegetation, and water. One of these 
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contracts, totaling approximately $140,000, is for a complete 
land cover analysis of the State of North Dakota using 1974 
and 1975 LANDSAT imagery. This analysis is to be complete by 
October 25, 1976, and will result in the preparation of hard 
copy county land cover maps, as well as a digital tape con- 
taining land cover information aggregated to 40-acre cells. 

It is our intent that this tape information, particularly, 
serve as a beginning baseline for a long-term monitoring 
effort which should provide exact information on the nature 
of land use changes within the state. As you may be aware, 
there are a large number of issues of concern in the state 
related to land use, issues such as wetlands, reclamation 
practices, the extent of strip mining, urban sprawl, reduc- 
tion in amount of native prairie left undisturbed, etc. It 
^is my hope to interest NASA in participation in this monitor- 
ing effort. 

REAP is approximately one year old at this point. One 
of our major ongoing efforts has been the design of a computer- 
based system for the storage, retrieval, and analysis of 
information on the subject characteristics mentioned above. 

Our system design effort is well along at this point and is 
to be completed by October 18, 1976. It is our intent to 
implement a geobased information system pertaining to the 
various subjects mentioned above so that we may accurately 
describe "what is" with regard to the State of North Dakota 
and its subdivisions. In addition, we expect to utilize this 
system as a base for projecting the expected impact created 
by a variety of development scenarios. Whether the issue be 
the extent of irrigation, the extent of coal strip mining, the 
development of potash solution mining, or a host of other 
issues, the basic subject characteristics mentioned above all 
are important in the consideration of the alternatives available 
to the state. 

At the present time we have made the commitment to use 
of the LANDSAT system to satisfy our major land cover analysis 
needs. This information will be used in decisionmaking on 
the statewide level, at the county level, and at the regional 
planning level. The agencies which will be involved in the 
utilization of this data are the legislature itself, executive 
branch agencies, and several levels of local government. We 
had an opportunity to -enter into a contract with the U.S. 
Geological Survey to utilize their LUDA program, but one of 
the major factors in our turning to LANDSAT instead was the 
likelihood, and certainly the hope, that such a system would 
have a long-term existence and would thereby be able to produce 
comparable data for the assessment of land cover changes. At 
the present time our effort is financed 100 percent by state 
appropriation . 
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We have already elicited a great deal of interest amongst 
local government within the State of North Dakota for utiliza- 
tion of this data, and, in fact, have received financial 
contributions from one regional planning council and from 
the state agency responsible for EPA "208" water quality 
management efforts, particularly those dealing with non-point 
source pollution. 


I hope that the information provided above has indicated 
that the State of North Dakota has made a major commitment to 
the utilization of LANDSAT imagery, and has proceeded well 
beyond simply making a commitment, but actually has a dollar 
investment. We are incorporating the availability of LANDSAT 
information into our overall REAP system design. If LANDSAT 
imagery is not to continue to be available, a very serious 
impact will have been created on the REAP system. I think 
there is general agreement around the country that LANDSAT 
analysis is probably the most accurate, and certainly the 
most cost effective means, for carrying out land cover analysis 
on large realtively open areas such as we find in the State of 
North Dakota. It is my sincere hope that the flow of LANDSAT 
imagery will not be interrupted. 

Sincerely y^rs, 

A. William Johnson, Ph. 

Director // 

AW J : amb ' 

Enclosure 

cc: Mr. Russell L. Schweikart 

Mr. Stanley C. Freden 
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REAP Synopsis 


The North Dakota Regional Environmental Assessment Program (REAP) is an 
innovative program which could serve as a model for other states and 
regions. It will provide a comprehensive system for environmental, 
socioeconomic, and sociologic data acquisition; for the integrated 
assessment and forecasting of impacts on these characteristics arising 
from potential development activities; and for the monitoring of these 
characteristics. REAP will coordinate the results of the myriad studies 
underway, will initiate its own studies where appropriate, and will make 
the results of all available in a usable format to decision makers. 

Four main tasks will be undertaken to provide North Dakota decision 
makers with facts rather than speculation upon which to base decisions 
affecting the citizens of the state. The four tasks are: 1) Baseline 

data acquisition; 2) Information system design; 3) Assessment/simulation/ 
modelling design; and 4) Monitoring system establishment. 

The idea for such a capability in North Dakota arose in 1974, when, 
realizing the need for an accurate and coordinated information and fore- 
casting tool for decision makers, the North Dakota Legislative Council 
contracted with Battelle's Columbus Laboratories to design a comprehen- 
sive system. The firm prepared and presented to the Resources Develop- 
ment Committee (RDC) a report suggesting the design and structure for a 
"Regional Environmental Assessment Program." In October 1974 the concept 
was approved by the RDC and in November a draft bill was prepared. 

On April 10, 1975, Governor Arthur Link signed House Bill 1004 which 
established the North Dakota REAP and provided an appropriation of 
$2 million from a special coal development fund (obtained from coal 
severance taxes} , plus such other federal or private funds as may become 
available. 

As stated in HB 1004, REAP is charged with "... establishing and 
carrying on research in regard to North Dakota's resources . . . for the 

purpose of assisting in the development of new laws, policies and govern- 
mental actions and providing facts and information to the citizens of 
the state." Further, REAP is responsible for "... the development of 
necessary data and information systems in regard to the existence of and 
potential use of North Dakota's natural resources in order that 
(North Dakotans) . . . may know . . . the alternatives available to the 
state in any use and development of resources ih order that . . . any 
such use shall in fact enhance the quality of life of the citizens of 
the state." 

The Legislative Council appointed a Resources Research Committee (RRC) 
to be responsible for implementing the program. The RRC consists of 
three state Senators, two state Representatives, five representatives of 
state agencies in the executive branch, two representatives of the 
universities, and one citizen-at-large. A director and small staff have 
been appointed. 

In August 1975, the REAP director formed the Technical Advisory Council 
(TAC) comprised of selected specialists in various fields to provide 
overview advice to REAP on its programs and projects and to assist in 
evaluating proposals and completed projects. 
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The director also formed technical task forces (TTP's) , comprising 
specialists from universities, state and federal agencies, and industry, 
in 11 subject areas to begin assessing the priorities for data acquisi- 
tion and compilation. The TTF areas of study were air quality -meteorol- 
ogy, animals, geology, historical-archeological-paleontological , land 
use, noise-radiation-solid waste, social impact-quality of life, socio- 
economic impact, soils, vegetation, and water. Nine of these task 
forces met in the Fall of 1975 under the direction of REAP's two associ- 
ate directors. The report of these TTF's was completed December 8 and, 
after review by the TAG, was presented to the Resources Research 
Committee on December 18, 1975. This report provided the basis for 
REAP staff selection of priority study projects. 

After a review of the capabilities and interests of several firms in 
August and September 1975, IBM Federal Systems Division was chosen to 
conduct a system design study for REAP. Phase I of the study provided 
for appraisal of the computer sites available to REAP, preliminary 
design of REAP interim capability, and a requirements analysis and 
conceptual design for the entire REAP system. 

At its December 18-19 meeting, the RRC took a number of steps which begin 
to shape an operational REAP- 

First, the committee approved the recoipmendation of IBM/FSD and the REAP 
staff that the Central Data Processing Division of the Department of 
Accounts and Purchases in Bismarck, with its IBM 370/145 computer, be 
selected as the computer site for REAP. 

Second, the RRC directed the staff to take the steps necessary to imple- 
ment two interim capabilities such that they be in operation before 
November 1, 1976. The first will be a computer-based REAP Resource 
Reference System (R^S) which will provide on-line ac cess to information 
relating to resource analysis and development. The second will be the 
initial module of an econometric-demographic (E-D) model, capable of 
forecasting certain economic and demographic changes in North Dakota and 
its political subdivisions. 

Third, the RRC concurred with the overall conceptual design for REAP as 
formulated through Phase I of the IBM/FSD contract. It also authorized 
the continuance of the design work through Phase II of the contract. 

Fourth, the RRC directed the REAP staff to arrange for the commencing of 
baseline data acquisition studies in nearly all TTF areas in accord with 
the priority list presented. Existent data will be evaluated and new 
data will be obtained through these efforts. 

These actions by the Resources Research Committee initiate efforts to 
address all four main tasks assigned to REAP. While implementation of 
the full REAP system is a multi-year effort, the steps taken to date 
will assure the provision of both an information capability and an 
analysis capability by January 1977. 
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REAP Synopsis 


The North Dakota Regional Environmental Assessment Program (REAP) is an 
innovative program which could serve as a model for other states and 
regions. It will provide a comprehensive system for environmental, 
socioeconomic, and sociologic data acquisition; for the integrated 
assessment and forecasting of impacts on these characteristics arising 
from potential development activities; and for the monitoring of these 
characteristics. REAP will coordinate the results of the myriad studies 
underway, will initiate its own studies where appropriate, and will make 
the results of all available in a usable format to decision makers. 

Four main tasks will be undertaken to provide North Dakota decision 
makers with facts rather than speculation upon which to base decisions 
affecting the citizens of the state. The four tasks are: 1} Baseline 

data acquisition; 2) Information system design; 3) Assessment/simulation/ 
modelling design; and 4) Monitoring system establishment. 

The idea for such a capability in North Dakota arose in 1974, when, 
realizing the need for an accurate and coordinated information and fore- 
casting tool for decision makers, the North Dakota Legislative Council 
contracted with Battelle's Columbus Laboratories to design a comprehen- 
sive system. The firm prepared and presented to the Resources Develop- 
ment Committee (RDC) a report suggesting the design and structure for a 
"Regional Environmental Assessment Program." In October 1974 the concept 
was approved by the RDC and in November a draft bill was prepared. 

On April ID, 1975, Governor Arthur Link signed House Bill 1004 which 
established the North Dakota REAP and provided an appropriation of 
$2 million from a special coal development fund (obtained from coal 
severance taxes) , plus such other federal or private funds as may become 
available. 

As stated in HB 1004, REAP is charged with "... establishing and 
carrying on research in regard to North Dakota ' s resources . . . for the 
purpose of assisting in the development of new laws, policies and govern- 
mental actions and providing facts and information to the citizens of 
the state." Further, REAP is responsible for "... the development of 
necessary data and information systems in regard to the existence of and 
potential use of North Dakota's natural resources in order that 
(North Dakotans) . . . may know . . . the alternatives available to the 

state in any use and development of resources in order that . . . any 
such use shall in fact enhance the quality of life of the citizens of 
the state. " 

The Legislative Council appointed a Resources Research Committee (RRC) 
to be responsible for implementing the program. The RRC consists of 
three state Senators, two state Representatives, five representatives of 
state agencies in the executive branch, two representatives of the 
universities, and one citizen-at-large. A director and small staff have 
been appointed. 

In August 1975, the REAP director formed the Technical Advisory Council 
(TAC) comprised of selected specialists in various fields to provide 
overview advice to REAP on its programs and projects and to assist in 
evaluating proposals and completed projects. 
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The director also formed technical task forces (TTF's) , comprising 
specialists from universities, state and federal agencies, and industry, 
in 11 subject areas to begin assessing the priorities for data acquisi- 
tion and compilation. The TTF areas of study were air quality-meteorol- 
ogy » animals, geology, historical-archeological-paleontological , land 

use, noise-radiation-solid waste, social impact-quality of life, socio- 
economic impact, soils, vegetation, and water. Nine of these task 
forces met in the Fall of 1975 under the direction of REAP ' s two associ- 
ate directors. The report of these TTF's was completed December 8 and, 
after review by the TAC, was presented to the Resources Research 
Committee on December 18, 1975. This report provided the basis for 
REAP staff selection of priority study projects. 

After a review of the capabilities and interests of several firms in 
August and September 1975, IBM Federal Systems Division was chosen to 
conduct a system design study for REAP. Phase I of the study provided 
for appraisal of the computer sites available to REAP, preliminary 
design of REAP interim capability, and a requirements analysis and 
conceptual design for the entire REAP system. 

At its December 18-19 meeting, the RRC took a number of steps which begin 
to shape an operational REAP. 

First, the committee approved the recommendation of IBM/FSD and the REAP 
staff that the Central Data Processing Division of the Department of 
Accounts and Purchases in Bismarck, with its IBM 370/145 computer, be 
selected as the computer site for REAP. 

Second, the RRC directed the staff to take the steps necessary to imple- 
ment two interim capabilities such that they be in operation before 
November, 1, 1976. The first will be a computer-based REAP Resource 
Reference System (R^S) which will provide on-line access to information 
relating to resource analysis and development. The second will be the 
initial module of an econometric-demographic (E-D) model, capable of 
forecasting certain economic and demographic changes in North Dakota and 
its political subdivisions. 

Third, the RRC concurred with the overall conceptual design for REAP as 
formulated through Phase I of the IBM/FSD contract. It also authorized 
the continuance of the design work through Phase II of the contract. 

Fourth, the RRC directed the REAP staff to arrange for the commencing of 
baseline data acquisition studies in nearly all TTF areas' in accord with 
the priority list presented. Existent data will be evaluated and new 
data will be obtained .through these efforts. 

These actions by the Resources Research Committee initiate efforts to 
address all four main tasks assigned to REAP. While implementation of 
the full REAP system is a multi-year effort, the steps taken to date 
will assure the provision of both an information capability and an 
analysis capability by January 1977. 
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staff that the Central Data Processing Division of the Department of 
Accounts and Purchases in Bismarck, with its IBM 370/145 computer, be 
selected as the computer site for REAP. 

Second, the RRC directed the staff to take the steps necessary to imple- 
ment two interim capabilities such that they be in operation before 
November 1, 1976. The first will be a computer-based REAP Resource 
Reference System (R^S) which will provide on-line access to information 
relating to resource analysis and development. The second will be the 
initial module of an econometric-demographic (E-D) model, capable of 
forecasting certain economic and demographic changes in North Dakota and 
its political subdivisions. 

Third, the RRC concurred with the overall conceptual design for REAP as 
formulated through Phase I of the IBM/FSD contract. It also authorized 
the continuance of the design work through Phase II of the contract. 

Fourth, the RRC directed the REAP staff to arrange for the commencing of 
baseline data acquisition studies in nearly all TTF areas in accord with 
the priority list presented. Existent data will be evaluated and- new 
data will be obtained through these efforts. 

These actions by the Resources Research Committee initiate efforts to 
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Dear Dr. Fletcher: 


July 15, 1976 




The State of Ohio is a progressive state in both the utilization and 
the protection of its resources. As such, geophysical, social and 
economic data processed into information meaningful to the decision 
and policy making elements of state, local governments and regional 
agencies is of great importance. However, the choice of an operational 
system of information for resource management draws from measures of 
information value such as cost, timeliness, and ease of generation. 

Over the past five years, the State of Ohio has examined the application 
of earth resources observation systems and we have established the 
capability to utilize the significant attributes of these systems for 
information concerning Ohio's resources. Specifically, in the case of 
the Landsat system., the state is using this data to develop and 
continually monitor land use in the state. We are relying upon the 
future availability of Landsat data to update this cost effective 
statewide land use inventory. 

Because of these experiences, programs util izing, the satellite system 
will continue to have my support and encouragement. 
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Dear Dr. Fletcher: 

As you are aware, the Ohio Environmental Protection Agency is par- 
ticipating with its sister agencies, the Department of Natural 
Resources and the Department of Economic and Community Development, 
in order to develop a statewide land use inventory using ERTS and 
LANDSAT data. I am most satisfied by the fact that my Office of 
the Planning Coordinator has informed me of the progress of this 
program to date toward realizing a statewide land use inventory 
with a land use categorical breakdown of sufficient detail to be 
utilized in several of our categorical environmental programs. 

Principally, we expect to use the LANDSAT inventory in our waste- 
water program, particularly in the planning for Sections .201, 208 
and perhaps 305(b). Each of these sections of the law requires 
some form of land use data manipulation in order to determine 
incremental five year projections over a 20 to 50 year timeframe. 

We anticipate the use of the LANDSAT data as being particularly 
informational as the state underta.kes it obligation under Section 
208 Areawide Waste Treatment Management Planning. The reason that 
LANDSAT data is so valuable in this context is that most of the 
state has no land use information and much of the land use informa- 
tion that- is available is not broken into land use categories that 
are directly of assistance to OEPA in its planning efforts. 

Another categorical program in which the Agency anticipates exten- 
sive use of LANDSAT information is in the air pollution control 
program. The APC office is charged with responsibility of state- 
wide air quality planning and monitors and supports the various 
regional air pollution control authorities throughout the state. 

The particular concern of the air program in utilizing LANDSAT land 
use information is for the state's participation in implementation 
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of the air quality maintenance area program and associated non- 
degradation objectives. It appears to me that both the wastewater 
program and the air program reflect an intensive land use planning 
and analysis activity on the part of the Ohio Environmental Pro- 
tection Agency. As such, the LANDSAT program has tremendous 
potential both in terms of information gained and a tremendous 
opportunity in terms of minimizing the kinds of resources normally 
associated with development of such a data file. Although our 
LANDSAT program is not at a point where we have any finished 
products, we are anticipating some outputs within the next several 
weeks and as such look forward to realizing a long identified need 
within the state and its associated planning functions. 

I would anticipate that the availability of LANDSAT information at 
the state level would also be readily available to particularly 
areawide and/or regional planning bodies who need virtually the 
same kind of information. It seems appropriate, however, that this 
information would require even further analysis and differentiation 
at the areawide or local level and as such the state is looking into 
the possibility of further specifications of LANDSAT information. 

It is my feeling that continuity of an environmental planning program 
is specifically maintained at the areawide and/or regional level. 

For instance, the 208 program and the local air agencies (as par- 
ticular examples) are affected by. day to day activities and decisions, 
therefore state land use planning, over time, would merely provide 
the overview and guidance to provide for homogeneity and equitability 
of state policies from area to area. 

My Agency is, at the moment, seriously undertaking identification of 
further utilization of LANDSAT data within our non-desi grated (208) 
planning program as it relates directly to the nonpoint source water 
quality activities so necessary in order to incorporate its required 
implementation and management strategy at the areawide level. This 
activity would effectively integrate land use, water quality, demo- 
graphic, cultural and engineering information banks into the nonpoint 
source assessment in an evaluative systems format. 

In summary, this Agency is fully prepared to make many uses of the 
LANDSAT information, even to the extent that the new Drinking Water 
Quality Act delegations to the state require (again) similar kinds 
of land use information as is required in 208 and the air program, 
and that we fully anticipate being able to use it effectively and 
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CCNR 

Ohio Department of Natural Resources 

Fountain Square • Columbus Ohio 43224 • f614) 466-3770 

July 15, 197.6 


Dr. James C. Fletcher, Administrator 
National Aeronautic & Space Administration 
NASA Headquarters, Code A 
Washington, D. C. 20546 

Dear Dr. Fletcher: 

The purpose of this letter is to emphasize the importance of 
LANDSAT data to the State of Ohio, in particular my Department of 
Natural Resources, and to identify current and potential future use 
of these data. In general, we support fully the continuation and 
development of the program by NASA. 

The Department is currently completing a statewide land use 
inventory based on the use of LANDSAT data. The economic and time- 
saving benefits of this program, will be significant in our efforts. 

Once our initial land use inventory has been completed and 
stored in digital form, we will have a base which can be readily 
used for various purposes. I believe that one excellent potential 
of these data is that changes in land use can be detected through 
updating of the information, various statistical information can be 
generated, and supplemental inputs can then be utilized for more 
detailed analysis of specific areas. As improvements are made in 
remote sensing and computer technologies, the land use inventory 
will reflect these improvements. 

I believe that perhaps the most important aspect of utilizing 
LANDSAT data is that information is obtained from a single source 
using the same criteria over the entire state within a narrow span 
of time. This, as opposed to a myriad of sources working independ- 
ently over long periods of time as in previous statewide inventories, 
has obvious advantages. 

At present the Department has five staff people engaged in the 
preparation of the Ohio statewide land use inventory. Their back- 
grounds are in remote sensing, computer sciences, and regional 
planning. Various computer programs presently being used are com- 
patible for use with the LANDSAT data, as are the various computer 
hardware elements. The initial inventory is expected to be completed 
by December 1976, with improvements and updating to be carried out 
from that time. 
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Dr. James C. Fletcher 
Administrator of NASA 
NASA Headquarters 
Code A 

Washington, D. C. 20546 

Dear Dr. Fletcher: i ;• — 

The Department of Economic and Community Development is the 
coordinating agency for Ohio's utilization of satellite data. 

The results of past studies and the present Landsat work indi- 
cate several applications of interest to the State of Ohio. 

Of particular interest is the continuance of a land use inven- 
tory by this Department in cooperation with the Ohio Environ- 
mental Protection Agency and the Ohio Department of Natural 
Resources. The products of this effort are maps of land use 
for each county and township with detail to the one acre level. 

Tabulations of the amount and percentage of land use within 
each of these geographic boundaries are also available. 

The expanding scope of state planning has created the need for 
an accurate, up-to-date comprehensive Ohio land use inventory. 

The inventory is applicable to a wide variety of new planning 
programs throughout state government and -DECD. Specifically, 
development of statewide land use and growth policies requires 
a land use inventory as in input to decision making: HUD "701", 

Commerce "Coastal Zone Management" and EPA "Water Quality Plan- 
ning" as required by Federal Interagency Land Use Agreements. 

In order to generate this inventory in an economical, timely 
and uniformly accurate way, the Landsat satellite was chosen 
as the data acquisition system. Landsat married to machine 
processing techniques are providing the expected benefits. 
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A 1965 land use. inventory cost $191,000, or roughly $310,000 in 1975 
dollars, and took two years to produce from data ranging seven years 
apart. The present inventory is expected to cost approximately 
$115,000 and take one year to prepare. The prospect of a cost 
effective update capability relies on the availability of the Landsat 
data acquisition system. 


The Ohio Statewide Land Use Inventory is a product with a long term 
clientele; state agencies responsible for planning and monitoring 
land use, regional planning agencies and local planning commissions. 
The product must be updated periodically and improved in an ongoing 
program requiring earth resource data. The Landsat system is the most 
cost effective data acquisition system available and continued 
availability is quite important to this Department's program. 


In closing, we are interested in information that is appropriate, 
timely, and cost effective for day-to-day operations and for policy 
decisions. We have found the Landsat system to be an important 
component of a growing number of resource informa-tion systems. We 
encourage your continued efforts to improve its capability to provide 
economical, timely, and quality data. 
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I have learned that NASA is now planning some 
advanced versions of the LANDS AT A and B systems now 
used in the Pacific Northwest ‘Kegional Commission Land 
Resource Inventory Pi'oject* We feel these new systems 
will provide a readily available source of land data 
for use by stats natural resource agencies. 

The States clearly have a need for timely and 
cost-effective natural resource information. Conven-- 
tional methods require a great deal of time, energy and 
manpower- Because Oregon is heavily resource oriented^ 
we are very concernen about the intelligent management 
of those resources, and we feel that satellite surveil- 
lance can be an effective tool in public management 
programs . 


The LANDSAT demonstrations of our current Land 
Resources Inventory Px~oject are not yet complete, but 
the results reported by the agencies involved are en*^ 
couraging* We have five primary demonstrations within 
the project in Oregon, all of which arc showing encour- 
aging results. 


Tho Department of Water Resources is monitoring 
the irrigated lands in the Klamath River Basin as a result 
of a regional compact between tho states of Oregon and 
California. Conventional nietliods do not readily permit 
an assessment of tlio new irrigated acreage' because the 
cost involved in performing the necessary surveys is 
prolubitivc. Ho\/cver, results obtained in our satellite 
demon slirc^ tion project aro vejry accurate and will be help- 
ful in the coming year. 
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The second project showing early results is one 
involving the noxious weed Tanzy Ragwort which infests 
sixteen counties in v;estern Oregon. Livestock losses 
have been several million dollars per year. The extent 
of infestation of this weed has virtually precluded its 
control. The personnel from the Oregon Department of 
Agriculture have been encouraged by the results of the 
satellite work done in one test county in Western Oregon, 
and they are now expanding the project to cover the entire 
sixteen county area. 

The State of Oregon will continue to explore 
LANDSAT data for Land Resources Planning and Management. 

We also expect that operational LANDSAT Follow-on systems 
will be utilized as a major source of data needed to 
effectively plan and manage the natural resources within 
the State of Oregon. 


Sincerely, 

Governor 
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On behalf of state government and all the people of the state of South Dakota, 

1 would like to express enthusiastic support for the proposed Landsat Follow- 
On programo 


Several agencies in state and local govcrnmcni in South Dakota arc currently 
involved in operational applications of Landsat data in land use and natural 
resource planning and management efforts. Tiicse applications have, by and 
large, proven to be very successful, and the value of Landsat imagery, in both 
digital and photographic formats, has been repeatedly demonstrated. 


Recognizing the utility of this type of data, the State of South Dakota, the State 
Planning Bureau, and the Remote Sensing Institute have made considerable 
investments in tlie development of Landsat aiialysis procedures and software 
systems. The Planning Bureau, for example, has developed a Land Resource 
Information System based, in large part, upon Landsat digital data. These 
investments, while justifjabic on the basis of the current satellite scries 
(Landsat -1, -2 and -3), were made with a view toward the establishment of 
a second generation operational satellite series such as that proposed in tlie 
Follow-On program. It is our hope that the President and Congress will allow 
the full promise of satellite remote sensing for land resource planning and' 
management to be realized. Tiie Landsat Follow-On program clearly provides 
the best means of achieving tlia.t goal. 

If my office or other agencies in state government can provide further support 
to the Follow-On program, please do not hesitate to contact Dan Bucks, Com- 
missioner of the State Planning Bureau. Mr. Bucks, who will be coordinating 
South Dakota’ s input to 0MB' s program evaluation, is currently preparing 
additional support materials for your proposal. 
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Witli best wishes for success in this endeavor, 1 remain 


Sincerely, y 

- 

/V/ 

RICHARD F; .lOME'D? 
GOVERNOR 
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The South Dakota State Planning Bureau has been involved in 
the analysis and application of Landsat Data for slightly over two 
years. During this period, we have found satellite data to be 
timely, useful, and extremely valuable. The synoptic, repetitive 
coverage of Landsat has helped bring the rich resources of our 
sparsely settled state into perspective on many occasions. In 
almost all cases, information derived from Landsat photos and 
tapes would not have been gathered if we had been limited to 
traditional data gathering methods. 


Landsat has served as the first and one of the most important 
data sources of the Land Resource Information System's (LRIS) land 
use and natural resource inventory. This program is in the process 
of completing its second statwide land use inventory. The first, 
a Level I analysis (Anderson system) was conducted using visual 
interpretation techniques on enhanced Landsat photography. The 
generalized land use pattern map produced (copy attached) has proven 
useful for overview and public information and education purposes. 
The second inventory, a Level II and partial Land III analysis, 
is being conducted using digital interpretation techniques and 
Landsat computer tapes. The detailed, synoptic information produced 
has proven useful on a wide variety of land use and natural resource 
planning and management tasks. It would not have been possible for 
us to complete either of these inventories if Landsat data had not 
been available . 

In addition to land cover analysis, wo have found surface waLoi' 
inventories developed from digital Landsat data to be extremely 
useful. And, if you will excuse the pun, we have hardly began to 
scratch the surface of the application of these water inventories. 
This data is incredibly easy to interpret, inexpensive to produce 
(less than 5^ per square mile), and, for water bodies over a 
hectare, very accurate. . 
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As stated earlier, very little of the information we have 
generated would not have been produced it we had been forced to 
rely on more traditional methods . Data gathering costs alone would 
have put the information far beyond our financial means , not to 
mention interpretation costs and numerous technical problems. 

The impact of this information on decision-making has been far 
reaching. Quantitative and qualitative data is available in a 
spacial format for the first time, considerably improving the 
rationality of decisions which were previously arrived at via 
intuition. Specific decisions which have been based on or axded 
by Landsat derived information range from the application of 
improved management techniques to control soil erosion in a particular 
drainage sub-basin to the granting of subsidies for stock dam con- 
struction on a particular section (square mile). 

Given the lack of previous data, it is rather difficult to 
determine cost saving benefits of Landsat data. The value of 
merely having this new tool available is incalculable. As a 
point of reference, our level I analysis, completed in less than 
6 months, cost less than $5000, exluding only postage costs for 
the distribution of over 3,000 copies. Using the highest altitude 
aircraft available commercially and the smallest scale imagery 
obtainable, data acquisition costs alone would have been well 
over $200,000. 

Many agencies in South Dakota have benefited from the use 
of Landsat data. At the state level, in addition to the Planning 
Bureau, the Department of Game, Fish and Parks, the Department of 
Environmental Protection, and the Department of Natural Resources 
Development have all been involved in the analysis and application 
of remotely sensed satellite, data. At the local level, the six 
Planning and Development Districts, Conservancy Districts, Resource 
Conservation and Development projects, and County Planning Commissions 
have been involved in the application of Landsat derived information. 

The Landsat follow-on program, if approved by Congress and the 
President, and if implemented as planned, will significantly increa.so 
the capabilities of this already valuable. data source. The improved 
resolution will make detailed urban analy.sis i)os.sible. We are 
currently relying on aircraft gathered data Jor (.lie ana I y.se.s , a.s 
the 1.1 acre resolution of the current Landsats is inadequate. 

The improved technology and the spectral responses of tho thematic 
mapper will improve capabilities for vegetation analysis and crop 
identification. The improved data handling system will permit 
a throughput' level which is conducive to near-real time applications. 
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Most importantly, implementation of the follow-on program will 
guarantee the continuity of satellite remotely sensed data. We have 
made large investments in the development of software and analysis 
techniques for the current Landsat series and are satisfied with the 
wisdom of this course. Data continuity will allow us to continue 
this development, thus improving current capabilities and working 
toward a smooth transition to the next generatioii of satellites. 

With a guarantee of data continuity, we will be able to redouble 
our" efforts in the area of applications development. A strong 
foothold has been gained among planners and resource managers, 
but a regular supply of data is required to build upon this 
foundation. It is natural for people to be hesitant to try new 
ways of doing things. Uncertainty as to 'long range data avail- 
ability has given some an excuse to procrastinate. The follow-on 
program should remove this final obstacle to operational applications. 

To date, the State of South Dakota has invested $200,000 in 
the Planning Bureau's Landsat analysis program; $75,000 in the 
first year, and $125,000 in the second year. Assuming data avail- 
ability, the third year funding level of $140,000 will be continued 
indefinitely, and perhaps even expanded as new applications are 
developed. The EROS Data Center has supplied technical assistance 
and about $20,000 worth of data products for the three year 
demonstration phase of our program. We have not received any other 
federal money for our program. We are hoping, however, to tap 
additional funding sources in the near future. Considering its 
small population (680,000), South Dakota has made significant 
investments in the development of applications of this new technology 
(50^ per capita to date). These investments have been well placed. 

South Dakota has established three means for supporting remote 
sensing .technology. The first, which is discussed above, is the 
Land Resource Information System of the State Planning Bureau's 
Planning Information Assistance Program. This system provides 
analysis services and applications assistance to a wide variety 
of end users. The second is the Remote Sensing Institute of 
South Dakota State University. This institute serves primarily 
as a research center. To date, these institutional arrangements 
have proven to be satisfactory. 

South Dakota is politically, institutionally, and technologically 
ready to move into the second generation of Landsat-type satellites. 
The first generation has been used extensively in both state and 
local government, and the success of these applications will encourage 
continued usage of this invaluable data source. Without the Landsat 
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follow-on program, rational resource management will be a much 
more difficult endeavor. Also, much of the hard earned progress 
with respect to data usage which has been possible, due mainly to 
Landsat, will be lost. Overall, rejection of the follow-on program 
would be most imprudent, and the State of South Dakota stands 
ready to offer any and all support to this vital project. 
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Dear Mr. Fletcher; 

When the Inventory of Dorns in Texas project v/as completed in 1974 resulting 
in the identification of 4240 dams each ipipounding 50 acre-feet or more of 
water, the use of ERTS imagery played a vital part in being able to accom- 
plish this task in a timely manner. Aerial pliotographs are excellent for 
the location of v'aler bodies and a great deal of detail about the dam and 
lake can be obtained, but aerial photographs are expensive, bulky and often 
not current. 


With the construction of about 200 lakes per year in Texas a technique of 
updating the inventory of dams is needed and the Landsat follow-on program 
being prepared for proposal by NASA seems to be a way to accomplish this 
update. With the enhanced capabilities of Landsat follow-on smaller water 
bodies can be identified and areas of irrigated land detected. 

In today's need for greater management of our water resources, the Commission 
needs an operational tool to identify new water impoundments in order to 
assist in obtaining compliance with State law. The Landsat follow-on program 
should be able to supply an extremely useful tool. 


Sincerely yours , 

TEXAS WATER RIGHTS COMMISSION 

^ /' / /'! 

Robert E. Schneider 
Executive Director 
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I am writing to convey the endorsement of the states 
comprising the Federation of Rocky Mountain States for 
NASA's proposed LANDSAT follow-on program. 


The Federation currently has underway a well-coordi- 
nated NASA-funded LANDSAT project using a digital satellite 
and ground-source daua to conduct land use analysis. This 
new approach to acquiring and analyzing land use delta provides 
planners in the region an inexpensive and objective source 
of data for developing a regional land use inventory. 


The proposed capabilities of the LANDSAT follow-on 
program would provide additional benefits through increaoc'd 
amounts of information supplied in more varied and usable 
form and on a continuing basis. The vast expanses of this 
Rocky Mountain Region unquestionably lend themselves to the 
use of remote sensing techology. The resolution of new 
problems facing this region as a result of the energy 
onslaught in the Rocky Mountain states requires the appli- 
cation of LANDSAT and its associated technologies. 


Therefore, I am authorized by my colleagues in the 
Federation to indicate our desire to see the LANDSAT follow- 
on become a permanent part of the federal government's cUita 
collection efforts. This will allow our states the opportunity 
to continually utilize this information as a part of our 
planning and policy making process. 


You will be pleased to know that our regions asscssiuent 
of the LANDSAT program as one of the most significant achieve- 
ments of the U.S. space program is concurred in by the 
National Governors' Conference which earlier this month 
adopted the enclosed resolution at our annual meeting. 
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THE GOVERNORS ARE BECOMING INCREASINGLY AV'ARE OF THE S fGN J FICANCE AND. 
IMPORTANCE OF THEIR TIMELY NATUR/vL RESOURCES MANA<H'MENT DECISIONS. THESE 
DECISIONS ARE BECOMING INCREASINGLY COMPf.EX AND D) FFirULT DDE TO SliCH 
FACTORS AS GROWING COMPETITIVE DEMAND FOR RESOURCES, DWINDLING AVAILABILJTY 
OF KEY RESOURCES, INCREASED RATE OF RESOURCE UTILISATION, THE EXPANDING 
REGIONAL NATURE OF DECISIONS AS WELL AS RESULTING IMPACTS, AND THE NECESSIlY 
TO ACHIEVE THE DESIRED BALANCE BETWEEN ECONOMIC WELL-BEING AND ENV f KOL'MLL ' L 
QUAL ITY . 

STATE, REGIONAL AND LOCAL RESOURCE MANAGERS ARE IMCKEAS I LGLY LOOKING 10 
REMOTE SENSING TECHNIQUES, AND IN PARTICULAR THE LANDSAT PROCRAM, AS AN 
Iin’ORTANT NEW TECHNOLOGY ‘IIRT CAN M\KE“A’ S'ICNIFICANf CONTRIBUTION PC THE 
INFORMATION BASE REQUIRED FOR IMPROVED RESOURCES MANAGEMENT. THE IMPROVED 
AND TIMEI.Y RESOURCE DECISIONS RESUI/IING FROM THE AVAI I.ABIL ITY OF LANDSAT- 
GENERATED DATA HAVE IMMEASURABLE BENEFITS. THESE BENEFITS INCLUDE IMt'ROVr..) 
RESOURCE MANAGEMENT, MAIMIENANGE OF ENV I RONMENTAI, (iDALIlY, AMD illE RI.Dili; I : ' 
OF HINDS AND RE.SOURCES WASIKl) -AS A RESULT OF DELAY \ND LIPiGAIION ASSOGiAl.D 
WITH UNRESOLVED LAND MANAGEMENT ISSUlilS. 

THE GOVERNORS, THEREI-ORE, RESOLVE TO SUPPORT THE LANDSAT FOLLOW -ON 
PROGRAM IN ORDER TO ASSURE CONTI NUi-D AND IMPROVHJ D.VIA l-OR USE IN NATURAL 
RESOURCE DECISIONS BY THE STATES. 








STATE OF WASHINGTON 

OFFICE OF THE GOVERNOR 

OLYMPIA 


DANIEL J EVANS 
GOVERNOR 


Dv. James Fletcher 
Administrator 

National Aeronautics and Space 
Admini stration 
Washington, D.C. 20546 

Dear Dr, Fletcher: 


July 26, 

1976 
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I understand tliat I'lASA is preparing for the dcveloppicnt of IWJDSAT 
Follow-On systems, which arc to be advanced vci'sions of the LAl'IDSAT-B 
system now being used in the Pacific Nortliwcst Rcgiona.1 Goman j ssi on ' s 
Land Resources -Inventory Demonstration Project. Ihc expectation in 
the State of Washington is that lANDSAT Follow-On systems will provide a 
cost-effective and timely source of land cover data for use by state and 
local land resources management agencies. 


Ihe prospects for developing such data have been our prime motivation 
for entering into tlic Land Resources Inventory Demonstration Project witli 
NASA and the Geological Survey. 

'Hie project is viewed as an important adjunct to conventional means of 
acquiring these data. In addition, state and federal legislation has 
given rise to new requirements for data tliat are beyond the capacity of 
conventional methods in terms of area coverage, time scltcdules, frequency 
oE update, and cost. 


Uliijo tlic IWJDSAT demonstrations In the .StriLe of Wasl'iingfon a]*e noL yel 
complete, tlic results reported by tlic pari icipuLiiig agencies ar(' higliiy 
encouraging-. Two OKamples reinforce our bclu'.f that LA.MiSAT Follow-On 
systems will have considerable utility for resource management activities: 

1. lANDSAT data arc being used in a multi-stage analysis to 
produce an inventory of some 10 million acres of forests 
in western Wa.shington. The methods licing tested have 
been perfected, and the success of this demonstration 
seems assured. Tlic results will be used in our 
Forest Productivity Study, which encompasses all of the 
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State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES 


Anthony S. Earl 
Secretary 

BOX 450 

MADISON, WISCONSIN 53701 


July 21, 1976 


Br. James C. Fletcher, Administrator 
Nation Aeronautics and Space Administration 
Washington, DC 20546 


IN REPLY REFER TO 


3200 
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Dear Dr. Fletcher: 
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NASA's la:® SAT program shows good promise for a classification' 'of WisconSUf^ — 
lakes by trophic level which is required by Section 314, PL 92-500. The 
Wisconsin Department of Natural Resources has been working with the 
University of Wisconsin to develop a system utilizing LANDSAT Imagery 
for periodic monitoring of the somewhat over 10,000 lakes in the state 
that are named or have an area of at least 20 acres. 

This general overview will help analyze trends in lake eutrophication 
on a State wide scale. Although, the technology is still' being refined, 
it is approaching the Implementation phase. 

The reflectance from a lake as picked up by LAI® SAT Imagery can be subjected 
tof densitometric analysis to provide numeric values relating to degree of 
eutrophication . 

We envision, with LANDSAT tapes and a computorized system of data extraction, 
being able to classify most of the State's significant lakes at a total 
cost of about $15,000 - 20,000 or less than $5 per lake and being able to 
do the job in 2-3 months time. The numerical classification will provide 
a sound basis for detecting and reacting to changes in water quality. The 
comparative cost of Investigating and sampling each lake in the field 
for changes in water quality would be many times greater and prohibitive 
insofar as manpower and funding are concerned. 

This program, like many of the experimental technologies, must be used 
so that its full potential can be realized. Our Department supports 
NASA in its efforts to bring space age technology to earthly application. ^ 

Sincerely, Action Copy to 

Bureau of Water Quality fnfo Copy tO 

~ in 2 2^ 

Francis H. Schraufnagel ^ i 

^istant Director 

cc: Russell L. Schweikart, Code EK c n f 

Stanley C. Freden, Chief, Missions Utilization Off j . 

Code 902 - NASA/Goddard Space Flight Center Prepare Keplv tOF 

^'pnature of 
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CITY OY ^.TLAISJTA. 

CITY HALL / ATLANTA, GEORGIA 30303 / (404) 658-6433 


LEON S. EPLAN 

Commissioner 

Department of Budget and Planning 


June 23, 1976 


Dr. James C. Fletcher 
Administrator of NASA 
NASA Headquarters, Code A 
Washington, D. C 20546 

Dear Dr. Fletcher: 
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This letter is the City of Atlanta's formal statement of support for 
NASA's efforts to proceed with a prototype, operational Landsat 
Follovv-on Program. Urban areas have received a iow priority in 
past attempts at transferring this technology, but our initial experi- 
ence suggests that it is very important for cities to have the oppor- 
tunity to evaluate Landsat capabilities. 

For the past year, Atlanta has been participating with four other 
Urban Technology System members in a Land Cover Analysis Pro- 
ject sponsored by GSFC Intralab and coordinated by Public.Tech- 
nology, Inc. The purpose of the Project is to demonstrate the 
utility of Landsat data in an urban planning context, and to deter- 
mine whether the workable techniques for applying this technology 
can be transferred between local jurisdictions. 

In the first phase of the Project, which was just completed, San 
Jose, California, was selected to work closely with the Intralab 
staff to develop in-house land cover analysis capability. Their 
activities were monitored by senior planning officials from each of 
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Dr. James C. Fletcher 
June 23, 1976 
Page Two 


the other four agencies. It is hoped that in the second phase, ex- 
tensive "hands-on" experience will be.avaliabie to each of the 
participants through the ORSER Time Sharing System at Penn State 
University. While no specific uses have yet been developed through 
phase one, it was the unanimous opinion of the Applications Review 
Committee that there is a good probability of success in phase two. 
This would be particularly true with the improved resolution pro- 
posed by NASA for future satellites, since level of detail was the 
greatest area of concern for urban applications. Therefore, based 
on our experience to date, we do support a continued and improved 
system of earth resources satellites. 


LE/Ip 


Sincerely yours. 



. Ian/, Commi-ssioner 

■) r 

Budget! and Planning 


cc: Mr. Jule Sugarman 
Mr. Larry Madsen 
Mr. Russell L. Schweickert 
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COMMONWEALTH OF VIRGINIA 

County of Henrico 


S, A. BECK 
COUNTY MANAGER 


June 14, 1976 


Dr. James C. Fletcher 
Administrator of NASA 
NASA Headquarters, Code A 
Washington, D. C. Z0546 
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Dear Dr. Fletcher: 


Henrico County, Virginia has been involved for the past year or so in a remote 
sensing project in conjunction with NASA. More specifically, the project involves 
a land cover analysis of Henrico County derived from earth satellite images. The 
information obtained from this source has been used in exploring options that 
provide the County with opportunities to perform forward looking planning functions 
The first phase of this project is drawing to a close. NASA has expressed the 
possibility of continuing the project if we determine that it has potential value for 
operational achievements in the future. 


Based upon our experience with the project thus far, we feel that continuea partici- 
pation by the County would be valuable. The following items are examples of 
capabilities that are in the process of being developed: 


1. Assessment of impact urbanization on agricultural lands. 

2. Identification of point and non-point water pollution sources. 

3. Identification of direct and indirect air pollution sources. 

4. Identification of existing and potential opcui spaces. 


‘‘Quick look“ verification of land use data dev'cloped by other agencies such iis tl 
Richmond/ Crater 208 consortium. 

Action Copy to 
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Dr, James C. Fletcher 


June 14, 1976 


It is also conceivable that many additional uses of the information and images 
generated from LANDSAT would be forthcoming as we refine our ability to 
interpret the data, Henrico County is committed to continued involvement in 
this project and .anticipate the development of several useful applications of the 
satellite system information. 

Very truly yours, 

E. A. Beck 

cc: Mr. Russell L, Schweickart 




KERN COUNTS' WATER AGENCY 

4H4 Arrow S'reGt, P 0. Box 58 
Bakersfjetd, California 93302 




tors 

Phiiup H Maxwell Division \ 

J- Eliiott Fox Division 2 

Jack G. Thomson Division 3 

Floyd S Cooley Division 4 

Gerald H. Kamprath Division 5 

President 

Henry C, Garnett Division 6 

Gene A Lundquist Division 7 


Jiine 7/ 1976 

OF yOOB, 

Dr. James C. Fletcher, 

Administrator, NASA 
Washington, D. C. 20546 

Dear Dr . Fletcher : 
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Stuart T Py » 
£ngineer-Mana«. 

George E RibL 
Assistant Engineer- f. 

Edna M. Purvir 
Secretary 
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The purpose of this letter is to strongly endorse the 
continuation and improvement of the LANDS AT series of research 
satellites. V7e are specifically interested in the use of high 
resolution satellite imagery for crop identification, perched 
water monitoring and salinity detection, as proposed by the 
Geography Remote Sensing Unit of the University of California 
at Santa Barbara. 


There is presently a lack of economical conventional 
tccimiques and expertise for gathering such accurate and timely 
information. Alternative on-the-ground methods of mapping to 
identify and record such parameters are slow, expensive and 
of varying accuracies. Information nov7 being produced by satel- 
lite imagery is valuable for effective hydrologic management in 
both the short and long term time framev 7 ork. The value of 
repetitive measurements cannot be stressed enough. 

LTU^DSAT imagery appears capable of meeting many of our 
researcli survey requirements; v;c look forv;ard however to improved 
resolutions. As in the past, we continue to encourage research 
aimed towards the development of analysis techniques appropriate 
to our research surveys. 


xc: Mr. Roger Arno 

NASA /urns K'j search Center 
HoLTatt Fie} cl, CA 04 035 


Yours very truly, 


1/ 'P/! '"f" Copy to 

U 'P-'' w-'L , , , 

Stuart T. Pyle- U' ' ' 


Stuart T. Pyle - 
Engincor-15aaagcr 


U' ' > 

Roc’d in NASA 
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NORMAN MURDOCH 
Planning Director 
DGAR T. IRVINE 
‘epuiy Director 


COUNTY OF LOS ANGELES 

DEPARTMENT OF REGIONAL PLANNING 


JOSEPH K. KENNEDY 
Deputy Director 

ROBERT W, CRAVE 
Deputy Director 

'June 29 j 1976 


320 West T emple Street 
Los Anseles, California 90012 
Telephone 974-6401 
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Dr. James 0. Fletcher 
Administrator of NASA 
NASA Headquarters, Code A 
Washington, D. C. 20546 

Dear Dr. Fletcher: 
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COMMISSIONERS 
HOWARD D. MARTIN 
Chairman 
OWEN H. LEWIS 
Vice Chairman 
ARTHUR J. BAUM 
CAROLYN P. LLEWELLYN 
SADIE B CLARK 1 

LUCILLA BARTMEL 
Secretary to the Commissic n 


This letter will e^jjiress our strong interest in, and support 
of, NASA's Thematic Mapper Development Project. Our organization, 
the Department of Regional Planning, provides basic planning 
services for all Los Angeles County. V/e have been a pioneer 
user of remote sensing information since our inception in the 
1920 's. More recently, we participated in the ERTS I/LANDSAT I 
Program during 1972 and 1973* As a result of our experience, we 
have a keen appreciation of the potentials of using remotely sensed 
data for urban and regional planning; and we are intensifying our 
use of remotely sensed data including satellite data. It is 
proving increasingly useful for land use and environmental surveys. 

We think that it has many other potential uses. 

We would like to urge that the Thematic Mapper Project give increased 
attention to the development of capacity for determination of the 
quali'ty and conditions of urban development, especially the identi- 
fication of urban blight. We are also keenly interested in the 
development of the change detection potential of the project. It is 
very important to provide for widespread, timely dissemination of 
data from the project to user agencies at affordable costs. The 
Thematic Mapper Project, with its greater resolution and more diverse 
sensing capabilities, can help realize the great potential of remote 
sensing to contribute to the rapidly growing needs of planning for 
accurate, timely data. 


Yours veiy truly, 

DEPARTMENT OF RE(xIQNAL PLANNING 



Norman Murdoch, Director of Planning 
NM:JSM:lj 

cc: Mr. Russel L. Schweikart 

User Affairs, Code EK 
NASA Headquarters 
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City 

CITY PLANNING 
CO^JMtSsiON 

SHEPK 4. D. LUKE 
PRESIDENT 

SUZETTE NEIMAN 
VICE-PRESIDENT 

FRED E. CASE 
LEONARD LEVY 
THOMAS P NICKELL 


OF Los Angeles 

CALIFORNIA 



Raymond i, norman 

SECRETARY 


July 8, 1976 


TOM BRADLEY 
MAYOR 


Action Copy to 
Info Copy to 


DEPARTMENT OF 

CITY PLANNING 

36J CITY HAUL 

LOS ANGELES. CALIF SOOl 2 

CALVIN S HAMILTON 
DIRECTOR 


FRANK P LOMBARDI 
executive officer 



Dr, James C, Fletcher 
Administrator of JMASA 
NASA Headquarters 5 Code A 
Washington, D. C. 20546 
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REVIEW OF -FROPOSED THEMATIC- MAPPER (LANDS AT D) PRODUCTS 


The Los Angles City Planning Department is the principal 
physical planning and land use advisory agency to the City 
As such It prepares a general plan (consisting of city-wide 
plans ^d community-specific plans), ordinances to imple- 
ment the plans as well as reviewing for approval: zone 
changes,- conditional land uses, .and sub-division platt maps. 

In these activities aerial photographs are used to provide 
planners with snapshots" of an entire study area, conduct 
preliminary land use Inventories, and verify field notes. 

Our direct "use of aerial photo products has increased con- 
siderably over, the past ten years and we anticipate the 
continued purchase of such products in the future to. the 
limit of our budget. 

In discussing Thematic Mapper products vrith Dr. Nevin Br'?-ant 
of the .Jet -Propulsion Laboratory in Pasadena, we were again 
impressed with the potential satellite imagery has for urban 
applications. Depending on the geographic scale of our 
various study areas we can envision using LANDSAT D products 
as either primary or corollary sources of data. The poten- 
tial for detecting urban land use changes and mapping those 
changes as well as existing land use seems particularly ex- 
citing. ^ 


However, our greates't interest in satellite products Is not 
in tke photography — but In the generation of land use 
statistics .for commonly used political -units such as census 
tracts.. The reporting of land use data by those geographic 



Dr. Fletcher 


2 


July 8 , 197.6 


units would allow' us .to interface satellite data directly 
with data we already use,, such as assessor', census, build- 
ing permits, electric meters, police, education and fire. 


Most importantly, we would like to. encourage NASA to. seek 
to minimize the considerable’ distance that seems to exist 
between it and users such as ourselves'. For satellite, 
data to become more widely used we believe that a product 
delivery system such as those in use by the Bureau of the 
Census and U.S. Geological Siirvey must be. developed by NASA. 
In any case we wish you continued success in your technology 
transfer efforts which we view as being of increasing direct 
benefit to mankind. 



CSH: chp 

cc Mr. Russel L. Schweikart 
User Affairs, Co'd'e EK 
NASA Headquarters, Code A 
Washington, D. C. 20546 
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ROBERT C JOYCE 
Il>F?rCTCR 

jULbS MERSEL. mg« 
data analysis 

DiVllilON 

CHARLES DRESCHER, MOR, 
PROGRAM DUV^LOPMENT 
OJVJSiON 

DANIEL J O CONNOR MGR. 
AOMiMSTRATiVe SERVICES 
DIVISION 


•City of Los Angeles 

CAL r- ORNIA 

Oi-FICE OF THH MAYOR 
COMMUNITY analysis 
BUREAU 

Ct7V F'Aut TAST 

COON MAIN OTnULT ROOMltlO 
LOS ANOI-LFS. CALirORNIA SO0I2 

TELfl’HONE 485 29Sa 

TOM BRADLEY 

MAYOR 

July 2, 1976 



Dr. James C. 1 1'-'tcher 
Administrator of NASA 
NASA Headquarters, Code A 
V/ashinf^ton, D.C. 205^6 

Dear Dr. Fletcher: 


The Community Analysis Bureau has been following the development of 
remote sensing capabilities from orbital spacecraft v;ith great 
interest. Our program currently uses large scale, color infrared 
aerial photographs in the acquisition of data on neighborhood quality 
v;ithin the City of Los Angeles. V/e have long been interested in 
supplementing this source v.'ith automiated data files acauired from 
spacecraft . 


The increased resolution capability of LAND SAT sensors and the 
automated interpretation and coding of land use data to census 
tracts and other geographic units are quite useful in Bureau 
applications of remote sensing data. The acquisition of compre- 
hensive, timely land use information for our data base appears to 
be the primary initial application of thematic mapper. V/c look 
forv.'ard in the future to even further improvements in resolution 
and computer applications to acquire still more derailed 
information ’on the urban environment. 


Very truly yours, 
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Hobort E. Joycfc 
Director 
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City of New Orleans 

OFFICE OF THE MAYOR 

July 6, 1976 

Moon Landrieu 

MAYOR 


Dr. James C. Fletcher, 

Administrator 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

Dear Dr, Fletcher: 

During the past several years, the City of New Orleans has 
become increasingly aware of the potential benefit of NASA 
technology on problems faced by America's cities today. 

We have designated our own Technology Transfer Officer. 

In addition, the Director of the City Planning Commission is 
responsible for coordinating applications of remote sensing and 
data systems within city government. The City has used or is 
evaluating for use a long series -of products and techniques derived 
from your programs . We have constant coordination with your 
intergovernmental representative at the Regional Planning 
Commission. 

For several years members of my staff have indicated that 
potential uses of satellite and aerial photogr.aphy may yield practical 
results that would apply to most urban areas of the country. We 
have participated in experiments which have demonstrated several 
potential applications. 

My personal experience in the U. S. Conference of Mayors 
indicates certain common problems from city to city. Some of 
these may be approached with developing technology. 
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Efr. James C. Fletcher 
Page Two 
July 6, 1976 


I would urge you to continue your efforts to substantially 
improve the next Landsat satellites, associated data systems for 
urban use, and your technology transfer efforts with local 


governments . 
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Moon Lapdrieu 
Mayor 



II-D(6-2) 



CiTY OF Nfv^/ Orleans 


PR5DE BUILDS 1^76 

NEW ORLEANS 

Moon Landrieu 

m' a y r» r 

f\^ 


MEMBERS 

WH I l/iM n BARNETT 

Chflit man 

HMnfKlMFn FAVROT, jn 
Virp *Chairmon 
FR.VEST COLBERT, JR 
ANTHONY J GFNOUSA.jn* 


Dr. James C, Fletcher, 

Administrator 

National Aei'onautics and Space Administration 
Washington, D. C. 20546 


Action Copy to — 

(nfo Copy to 

Rfic’d in NASA 

Suspense. Date 
Prepare Reply for ^ 
Slg^nature of — ^ 


cdiAflt F-* r r,T3ANOBoucHE |3car Dr, Fleicher: 

PAH I MON Tn F PRC 
AllOn «. t rc RE 4 . JR 

Ai nr, , SAPU70 I understand that the foilow-on Landsat spacecraft are 

cur rent! 3 ^ in the preHrainary’ design stage, and you are 
considej'ing an operational, not experimental system. As 
Vice Chairman of the Urban Consortium (a national organization 
composed of the thirty-three largest urban cities and counties) 
and as Director of a planning commission for a major city, 1 
would encourage you to pursue this project and get the system 
w'orking at the earliest possible date. 


Many of us in the major cities have been reluctant to commit 
ourselves to use of satellite -derived data for our own use 
because the resolutions were too poor and the data source might 
quit functioning at any time. Additional hesitation on our part 
was caused by die absence of methods to merge the NASA data 
with our more conventional urban data systems. Each of these 
points appears to have a near term solution. 


The commitment to an operational system will prevent the 
loss of the data source. Once familiar witii die specific 
capabilities beyond early experiments, more utban areas will 
be inclined to use it. 


Projects at your Jet Propulsion Laboratory and Marshall 
Space Fliglit Center siiow great promise for combining con- 
ventional and NASA data in a common dig-itai data system. As 
they are currently planned, the operating cost of the final system 
may be sufficiently economical to receive widespread use tlirough- 
OLit the country. 
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As die next satellite is still being designed, I recommend 
resolutions between three and twenty feet for urban areas. These 
resolutions would only be needed once or twice eacli year on cloud 
free days over only the urbanized areas. To do it more often would 
overwhelm both NASA and Che cities with data bulks and densities 
for which we cannot currently envision a practical use. 

In anticipation of the improved systems, w'e have made a major 
commitment to establish a sound base of data to talce advantage of 
current and future Lands ats and their associated systems. We are 
cooperating with the other local governments in the metropolitan 
area in a major pai'cel-by-parccl land use survey. The overall 
survey is fifty percent complete and the remaining half should be 
finished within the next two years. We felt this base line to be 
necessary because urban "signature analysis" does not appear to 
be fully developed. Urban changes are obvious to us in the most 
rudimentary Lands at photography. It is. our considered opinion 
tliat urban changes from month to month from a satellite, measured 
against a known base of data date, and verfied by a small survey 
staff may be the cheapest method for keeping our land use up-to-date 
and accurate. When combined in a common digital system witii our 
conventional data sources, we would have an extremely powerful 
-fool for urban area governments. With other local governments, we 
have increased our staff skills and personnel to complement NASA 
skills in]ojiit projects. 

We look foj'ward to continued work with your personnel on 
technology applications of current and future joint programs. 
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Dr. James C. Fletcher 

Administrator 

NASA 

Washington, D. C. 20546 
Dear Dr. Fletcher: 

Since 1970 the Regional Planning Commission has 
worked with NASA and NASA Technology in an effort to im- 
prove the methods for local and sub-state planning. 

As an integral part of this activity we have utilized 
photography from NASA aircraft and spacecraft in both 
experimental and product-oriented efforts of this Commission. 
We have just completed a basic land use study of St. Tammany 
Parish utilizing products f rom . LANDSAT , Skylab, NASA Air- 
craft and ground checks. Jefferson Parish completed a 
Natural Resources Inventory using LANDSAT and Aerial Images 
in January of 1975 with local funding. Many of the other 
public and private agencies in South Louisiana have utilized 
NASA Remote Sensing data for a variety of individual 
reasons - from locating archaeological sites, experiments 
in mosquito control, to management of a major private 
wildlife preserve. 

We recognize that the utilization of this technology 
is in its infancy and will need to be successfully merged 
with more conventional data sources to be most useful to 
state and local governments. 

The follow-on LANDSAT Satellite and the continuation 
of the NASA Aircraft program will go a long way towards 
introducing stability to the experimental efforts we have 
made in improving planning technology. As the next LANDSAT 
is still. in the design stage, we would urge you to develop 
the minimum capability of 3 to 9 meters resolution for 
urban areas and 10 to 20 meters for rural areas. A "zoom" 
capability might be used over urban areas only when they 
are relatively cloud-free without an overwhelming data 
processing problem. 
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We would urge the continued development of both 
this capability and the auxiliary capacity of programs 
to use it successfully in local and state government. 

Sincerely, 


REGIONAL PLANNING COMMISSION 



CHARLES F. O’DONIEL, JR. 
DIRECTOR 
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June 18, 1976 


Dr. James C. Fletcher 
Administrator of NASA 
NASA floadquarters. Code A 
400 Maryland fivenue, SH 
Washington, DC 20546 

Dear Dr. Fletcher: 

The Southwestern Illinois Mecropolitan and Regional Planning Con.:iission 
takes this opportunity to lend its support to NASA for'lhe proposed 
LANDSAT follov/“On program. 

The Southwestern Illinois Metropolitan and Regional Planning Commission 
(SIMAPC) is chartered by the Illinois State Legislature to prepare and 
coordinate dcveloppient planning, serve as a research agency for local 
govern:iienls , provide technical assistance to local governments, and 
disseminate information to the public. As one means to fulfill our 
responsibilities we are turning to LANDSAT multispectral remote sensing 
as one tool to provide the data necessary for the decision-making pro- 
cesses. 

Our purpose of using LANDSAT is to inventory and monitor the land cover. 
Using the LANDSAT inventory as input, our professional staff will- 
develop plans to- guide the development of our region through the year 
2000, directed to improve the quality of our streams and rivers and 
provide local governments with the information required for logical 
community action regarding development policies. 

With the availability of LANDSAT data, we know from experience that our 
inventory and analysis cost can be significantly reduced. Because our 
region is a part of the St. Louis Metropolitan Area, our need for more 
frequent monitoring is increasing beyond the frequency that other 
Federal agencies (i.e., U.S.G.S., U.S.D.A.) can provide. Therefore, 
without continuing the earth observations from LANDSAT we expect to 
incur increased costs with less efficient and timely data. 

SIMAPC, as stated previously, was organized to serve local units of 
government. S-S''vmg those local units properly includes providing 
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endless data to regional, state and federal agencies. De are currently pro- 
viding information, both primary and secondary, to a great number of other 
agencies including: 

Environmental Protection Agency 
Illinois Environmental Protection Agency 
Housing and Urban Development 
Illinois Surface Drainage Program 
Energy Resource and Development Agency 
Illinois Department of Local Government Affairs 
East-West Gateway Coordinating Council 
Illinois Department of Transportation 
and others 

The LANDSAT follow-on represents many new potential applications. With the 
additional thermal I.R. band and 30 meter resolution, we hope to see increased 
accuracy of land cover inventories, monitoring of air and water quality, and 
better determination of our natural resource supplies. 

Upon wider acceptance and the further moves toward the "operational status" of 
LANDSAT, many of us are taking this capability for. granted. Now, even to 
suspect that LANDSAT is not here to stay is inconceivable. Many agencies 
throughout the country are beginning to accept this space technology as an 
everyday practice and to rely upon its availability to solve many complex 
land use issues. 

Currently, \/e have proposals under consideration to monitor, over an eight- 
year period, the land use changes and ramifications, created by major develop- 
ments occurring within the region. If indeed the LANDSAT follow-on is not 
funded and placed in orbit, v/e will then be unable to meet those project 
responsibilities as efficiently as we might otherwise. 

For the first time, a medium of space technology can be used at the local and 
regional level. For the first time, we can identify and realize direct cost 
savings from space technology. And, for the first time, the average citizen 
can use this technology directly to affect decisions affecting him. 

LANDSAT, with the inevitable progression of technology, should unquestionably 
be a standard public service. LANDSAT is a viable tool which can provide 
both natural and man-made resource information. 

It is for these reasons, this Comnission fully supports the LANDSAT follow-on 
program. Should there be any questions, please do not hesitate to contact us. 

Sincerely, 


Theadore H. Mikese‘1 
Executive Director 

1I1M/Tll:hlb 

cc: Mr. Russell Ssrweichart 

Mr. A. Donalc Gced-eke 
Mr. ,V >. ,-.iv ' V 
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The City of' Independence has been involved for the 
past several months in a research project v;hose purpose 
is to assess the feasibility of using LANDSJiT data for 
urban planning purposes. Although the final outcome is 
still unclear, we are encouraged by the potential that 
V7e see, particularly if the resolution of future LAKDSAT 
images is enhanced as planned. 

Current land use planning is typically accomplished 
on a piecemeal basis . This approach does not always lead 
to the most desirable result. With the aid of LANDSAT 
imagery, we believe it will be possible to more effectively 
monitor urban growth and land use patterns, and to elimi- 
nate some of the problems caused by piecemeal planning. 

The capability of the LANDSAT imagery to provide a vir- 
tually continuous overview of the entire urban area \ 7 ill 
allow City planners to assume a more proactive role in 
zoning and other land use problems. 

In our curirent project, v;c are worJeing witli Cour other 
local governments. Public Tcciinology, Inc., Penn .Stcite Uni- 
versity and NASA. The project involves the use of various 
computer programs designed for on-line analysis of LANDSAT 
data. The local governiacnts involved v;ill provide the 
necessary computer terminals and staff for investigating 
the potential benefits of the LANDSAT data and the analyti- 
cal tools. Public Technology, Inc., Penn State Unxvcrsity 
and NASA will provide technical and other support. 7vt this 
time, it is difficult to predict the ultimate benefits of 
this project and of tlio LANDSAT program, liov/evcr, wo feel 
in both cases -that the benefits can be significant. Accord- 
ingly, I strongly support the current LANDSAT program and 
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the steps being taken to increase its effectiveness through 
improvements in sensor i-esolution. 


Sincerely, 



RAK: vw 
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finergir Resources Exploratior; PetroleLini (Csrais'ct) 

Petrolemn exploration and production typicallj' folla.vs sicc stages 
of activity: 

1. ) Rsgional geologic reconriassanceof large areas to recognize 
sedirrentary basins and major structural features v;ittin the basin LANDI5AT 
images conpiled into mosaics have proven valuable to many companies for 
this exploration phase. In rtony cases major decisions on whether to acquire 
exploration concessions must be made on these preliminary analyses. 

2. ) Surface geologic mapping and sanpling of outcrops. Enl.arged 

lANDSAT images can aid in locating areas suitable for tliese studies. The 
savings in manpcR>?er and time can be appreciable, especial.ly in areas where 
base maps are poor or lacking. 

3. ) Aerial magnetic surveys and gro»jnd-based gravity surveys are 
the initial geophysical reconnaissance. Trends of lineairent and structures 
from LANDSAT interpretation of stage 1 can aid in locating and orienting 
these surveys to obtain optimum crossing of tlie structural patterri. Here 
again the base iraps derived from lANDSAt can be valuable aids to the aircraft 
navigators and field party chiefs. 

4. ) Seismic surveys are imde over promising anomalies located in 
the previous 3 stages. Trafficability and access information from the 
lAiCiSAT maps can save several days of crew tiite each month at a topical cost 
of $5,000 per day in isolated foreign areas. 

5. ) Drilling of prospects that have been targeted by activities 1 
through 4. 

6. ) If the 1 to 20 odds against success have been overcome and an oil 
field discovered, tlie final stage is to product and transport the oil to 
imrket. Prelindnary pipeline route studies can be imde from lANDSAT 
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Energy Resources Exploration Petroleum (Bennett) 
irreges and environirental inpacts assessed. 

The above stages deal witii exploration on land. Increasingly exploration 
has been directed into offshore areas, many of which are in Arctic water 
subject to slo ice and icebergs. Repetitive coverage of LMTOSAT can map 
ice distribution and iro^,/eitient to aid in assessing hazards to exploration 
and production in these harsh enviroranents. A tiiermal IR band will provide 
imagery during tlie Arctic v;inter. Seismic exploration in shallow shelf seas 
is catmonly haiipered by unchartered underwater obstructions such as coral 
reefs and sand bars. 

Band 4 of LANDSAT 1 emd 2 is currently used to map these hazards; 
the water penetration band of lANDSAT Follow-On should be even more useful, 
if atmospheric scattering effects are not excessive. Natural oil seeps 
nay be detectable on imagery as an aid to offshore exploration. 

The above sequence of exploration stages and LANDSAT utilization are 
not hypothetical; a number of oil companies are known to procure and use large 
numbers of LANDSAT images and digital tapes. Chevran Overseas Petroleum 
reported at the NZiSA Symposium on Remote Sensing Applications in Houston on 
their use of LANDSAT in exploring and acquiring new concessions Jr. Kenya 
(Miller, 1975). Wildcat wells are currently being drilled (Stags 5)'. 

In egypt Santa Fe Minerals correlated structural features interpreted from 
LANDSAT images with trends defined from gravity and aeromagnetic surveys 
(Berg and Gutman, 1976) . 

'S abins (1975) has addressed the common question of "How much oil 

has LANDSAT itiagery discovered?" Those asking tlieir question reveal a 
lack of understanding of oil exploration \^hich involve nany technicai. methods. 



Energy Itesourcss Exploration Peti'oleum (Bennett) 

In t))e pre-IANDS/vT era, it was difficult, if not nrpossible to credit a 
discovori' wall to a single teclmology. The tine from beginning of e>^loration 
to drilling a v/ell is connonly five years or more. LAI®SAT inagery did not 
becane widely available until the mid 1973 's and industry then had to learn 
how to acquire. Interpret, and utilize tlie imagery. On this time frame, the 
major petroleum benefits of IjANDSAT are in tlie future. A final point is tlie 
concern over lack of oil industry publication describing their applications of 
LANDSAT. In addition to the Kenya and Egypt examples, HetLbouty (1976) 
describes the correlation between circulor anairabies and salt done structures 
on the U.S. Gulf Coast, lyiany industry interpretations of lANDSAT are not 
published because oil geologists are loath to endure the red tape of re- 
writing, drafting and editing material for publication. This is conronly 
a stronger nestraing. than conpany concerns over proprietery data. 

The abo\'e applications are for L7\NDSAT 1 and 2. Many conpanies have 
already acquired their imagery of their areas of interest. This is shown 
by tlie fact that the oil industry has purchased the largest volume of data 
frran the E-KOS Data Center. It is unlikely that they would acquire repeat 
coverage from future satellite unless there are significant inprovemsnts in 
spatial resolution and spectral coverage. There is a trend tov^ard utilization 
of digital tapes for in-house processing on tlie computer facilities of most 
ocsipanies. Future satellites should provide CCT s that can be processed witli 
existing software and hardii/are systems. 

References 

Bing and Gutman, 3.976, Egypt application of -LANDSAT: Proceedings of 

Peoora Synposium U.S. Geol. Survey in press 

Miller, J.B., 1975, Tipplication of lANDSAT to exploration in Kenya: NASA 
Earth Jfesoures survey synposium, Houston V.I 
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Chevron 



Chevron DM Field Research Company 

A Standard Od Company of California Subsidiary 
P.O. Box 446, La Habra, CA 90631, U.S.A. 

July 23, 1976 


James R. Baroffio 

Vice President 

Exploration Research Department 


m-B 


Dr. James C. Fletcher, Administrator 
NASA Headquarters 
Washington, D.C. 20546 

Dear Dr. Fletcher: 

We have been asked to evaluate the proposed Landsat Follow-On 
Program in terms of Chevron's needs and applications. Our 
evaluation is based on the attached list of proposed specifica- 
tions that was provided by NASA. Chevron has used Landsat 1 
and 2 images and digital tapes of domestic and foreign explora- 
tion areas for the following purposes: 

1. Regional geologic mapping. 

2. Trafficabil ity and terrain analyses for surface access. 

3. Bathymetry of shallow seas to aid marine seismic surveys. 

4. Monitor sea ice movement in Arctic areas of exploration 
interest . 

5. Mineral exploration. 


Landsat 1 and 2 data have been very useful for these purposes, 
although no quantitative appraisal is possible. 

We anticipate that Landsat 1, 2 and 3 will satisfy our needs for 
imagery acquired with the present MSS configuration. Once Chevron 
has obtained cloud-free coverage of the land areas, we will 
greatly curtail our ordering of MSS images. The proposed 
Landsat Follow-On with improved spatial resolution and spectral 
bands will initiate a new cycle of image acquisition and inter- 
pretation . 

Specifically, the new mid-IR band (1.55 to 1.75 ym) of the 
Thematic Mapper should greatly aid in recognizing hydrothermal 1 y 
altered rocks in the vicinity of potential mineral deposits. The 
improved spatial resolution will improve the ability to resolve 
specific targets while retaining the broad image coverage that 
has been so useful. The proposed thermal IR band (10.4 to 12.5 pm) 
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will provide sea ice monitoring capability during periods of 
Arctic darkness. For geologic interpretation , our experience 
and that of other investigators indicates that thermal IR imagery 
must be acquired at night. Only experience will establish the 
applicability of this relatively low resolution thermal IR imagery. 

Although not mentioned on the proposed Landsat Follow-On specifica- 
tions, we believe that stereoscopic image coverage will be valuable. 
This is based on our work with the limited stereo sidelap from 
Landsat 1 and 2 that has minimal vertical exaggeration. We believe 
that complete stereo coverage of the earth's land areas with 
optimum vertical exaggeration would be valuable. Repeated 
coverage would not be necessary after cloud-free coverage of 
high quality images has been acquired. 

Chevron has found Landsat 1 and 2 data to be very useful for various 
applications. We anticipate that the Landsat Follow-On capabilities 
discussed above will be of similar or greater operational usefulness. 

Sincerely yours, 

Original signed by 
ilw R.J Baroffio 
J. R. Baroffio 
Vice President 

Exploration Research Department 


Attach: Landsat Follow-On 

Specifications 

cc: Mr. R. L. Schweickart (NASA Headquarters, 

Washington, D.C.)-1+1 



LANDSAT rOLLOV^-ON PROrOSliD SPECIflCATiOIlS 


SCANNER CHARACTERISTICS 


SPECTRAL BANDS (MICROt-lETERS) _MSS TM 


BLUE 

GREEN 

FED 

NEAR IR 
NEAR IR 
NEAR IR 
MID-IR 
THERMAL IR 

SPATIAL RESOLUTION: 


QUANTIZING LEVELS: 
SAMPLING FREQUENCY: 
DATA RATE: 

SCENE : 


0.5-0. 6 
0 . 6 - 0. 7 
0.7-0. 8 

0 . 8 - 1.1 

10.4-12.6 

30 METERS 
120 METERS TIlERiMAL IR 

256 (0 bits) 

1.4* SAMPLES/IiW 

110 MB/S 

100 X 100 KM 


0.45-0.5 

0.52-0.G 

0.63-0.69 

0.76-0.90 

1.55-1.75 

10.4-12,5 


MISSION PAIUVMB'FKRS 

OIH3IT (APOGEE) : 705 KM, sun synchronous 

LOCAL TIME AT DE,SCEUDTMG NODE 

(EQUATORIAL CROSSING) 11:00AM 

COVERAGE CYCLE DURATION: 9 DAYS 


IMAGE & PROCESSING CIIAIOVCTERISTICS 
INFORMATION PER IMAGE: 

TOTAL IMAGES: 

TOTAL INEOiy'lATION ; 

FACILITIES OBJECTIVE : 


2(10*^) bits 

500**/DAY (ALL LAND MASSES 
PLUS COASTAL APJ%AS) 

13XTS/DAY 

NO HACKING Ml PROCESSING 
AND ARCHIVIIiC; 


* ASSUMING MODULATION TRANSFER FUNCTION SIMILAR TO PRESENT L7vNDSAT 
MULTISPECTRAL SCANNER 
** CLOU DF REE 
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Elf(pU PRODUCTION RESEARCH COMPANY 

POST OFFICE BOX 2189 • HOUSTON. TEXAS 77001 


BASIN EXPLORATION DIVISION 

R T FEHERS 
MANAGER 


June 22,1976 


Mrs. Barbara Williams 
NASA Office of Applications 
Code E-K 

Washington, D. C. 20456 
Dear Mrs. Williams; 

This is a follow-up to your discussion last month with H. R. Hopkins 
and the EPR Satellite Imagery Group regarding the application and usefulness 
of LANDSAT imagery in exploration for hydrocarbons. Weshould point out that 
it is difficult to provide concise and direct answers to most of the questions 
on the questionnaire which you requested that we complete. It is particularly 
difficult to provide information on the cost effectiveness or savings realized 
from use of LANDSAT imagery. In general, satellite imagery has been viewed as 
an additional exploration tool and has not resulted in elimination of other con- 
ventional exploration methods normally used in such investigations. 

To more fully explain our Company'^s position, we basically fulfill three 
functions for Exxon Corporation affiliates in application of satellite imagery 
for exploration purposes: 

1) We maintain a Data Bank and expedite requests for LANDSAT, 

Skylab, and other types of remote sensing data for use by 
affiliate companies; 

2) On request we conduct technical service investigations for 
affiliate companies, including interpretation of LANDSAT 
imagery; and 

3) We are engaged in an active research program of testing and 
developing digital and optical image processing and 
interpretational techniques. 

We have acquired worldwide LANDSAT mosaic coverage which has been used by 
us and our affiliate companies in regional studies. In general, the procedure 
in such studies is to combine all available, geological and geophysical data for 
an area. Occasionally, interpretations will be made based solely on the LANDSAT 
imagery and combined with other regional information at a later date. Standard 
aerial photography is generally not included in a study, except for occasional 
detailed work. 



Mrs. Barbara Will lams 


June 22, 1976 
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Exxon Production Research Company acts only in a general consulting 
capacity to operating affiliate companies, and as such we have no way of 
estimated cost effectiveness or savings realized from application of LANDSAT 
imagery. We do, however, recommend areas that appear more prospective for 
oil and gas exploration as well as those areas that appear less favorable 
for hydrocarbon entrapment. Likewise, we identify regional and local structural 
trends which aid in outlining the most efficient and economical plans for 
seismic surveys of an area. The main point is that LANDSAT imagery is not a 
unique tool, but one of many exploration tools. LANDSAT imagery interpreta- 
tions increase our knowledge and understanding of the geology of an area so 
that better decisions can be made in regard to application of more expensive 
exploration techniques. 

We hope this information will assist you in preparing and presenting 
your case for the support of the LANDSAT Program. We consider LANDSAT one 
of the most important and significant projects undertaken by NASA. It has 
direct and immediate application in the search and development of our nation’s 
natural resources. Implementation of proposed follow-on LANDSAT programs 
will significantly improve the system and allow even more direct application 
in the exploration for natural resources. 

Should you have any other questions, or if we can be of additional 
assistance, please contact us. 


Very truly yours, 
R. T. FETTERS 


By. 




M. E. Milling 



HRHopkinstbb 
cc: J. B. Coffman 



030 

OX 

Cm 

-if- 



III-D 


O ^C> 


MICHEL T. HALBUUTY 
consulting geologist 

AND 

PETROLEUM ENGINEER 
INDEPENDENT PRODUCER AND OPERATOR 


TEL (7J3) 622-JI30 
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Dr. James C. Fletcher, Administrator 
NASA Headquarters 
Washington, D. C'." 20546 

Dear Dr. Fletcher: 
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As you may know I am vitally interested in the Land 
Satellites Program-. I have, repeatedly and publicly stated 
that I consider the Landsat project as one of the most productive 
and significant missions ever conducted by NASA. In fact, I 
have further stated that it is one of the most important national 
initiatives ever conceived and implemented in our 200 years of 
exis tence . 


Among the many contributions to human needs , the Landsat 
images have proven to be a new and constructive tool in mineral 
and petroleum exploration. The application of these data have 
already improved the nation's domestic mineral resource base 
and will continue to do so on a much larger scale provided the 
entire program is continued and implemented with new stages of 
properly equipped satellites to produce vital earth science data. 

I trust that Congress will approve and appropriate funds 
to establish the Landsat project on a much longer program than is 
now scheduled. 

If I may be of any assistance to you in any way, please 
do not hesitate to so advise. 
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Application of Landsat Imagery to 
Petroleum and Mineral Exploration 

MICHEL T. HALBOUTY 

Consulting Geologist and Petroleum Engineer 
Independent Producer and Operator 

Abstract; The Landsat (ERTS) project is the most significant 
mission ever flown by NASA. The use of Landsat imagery by the 
mineral and energy industries in the United States can improve 
the nation's domestic resource base in a shorter time and at 
more reasonable cost than would have been possible otherwise. 

Properly interpreted information from Landsat images can save 
corporations millions of dollars in unnecessary exploration 
and development efforts and at the same time, provide geologic 
clues to the discovery of tremendous reserves. The more the 
Landsat data are used, the more innovations for their use will 
be established. 

Landsat data have broad use in the minerals/fuel field including 
the following general applications. 

1. Detection of large-scale geologic structures that 
previously were unknown and which may be significant with 
respect to the localization of hydrocarbcjns . Such features 
commonly are not recognizable on aerial photographs. 

2. The possible detection of very subtle tonal anomalies 
that may represent alteration, of the soils resulting from 
miniseeps of gas from hydrocarbon reservoirs. 

3. The potential for detecting natural marine oil seeps 
with consequent improvement in efficiency of offshore exploration. 

4. Detection on outcrops of important minerals and metals, 
especially in hostle environments. 

^5. The monitoring in Arctic areas of ice distribution and 
movement that may affect transport of materials, the cost of 
seismic exploration in sea ice areas, and the safety of 
exploration and production operations. 

6. The monitoring of oil-field development and transport 
facilities, such as the Alaska pipeline, and an assessment of 
this development on the environment. 
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7 - The potential for improved communication and decision 
making within petroleum companies. 

Landsat imagery 'provides the explorationist a most rapid and 
inexpensive tool which could add immeasurably to his geologic 
knowledge . 
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ROBERT J WATSON 
MANAGER 

FIELD RESEARCH LABORATORY 


July 26, 1976 


Ms* Barbara Williams 
NASA EK 

Washington, D. C* 20546 
Dear Ms • Will iams: 


As discussed in our recent telephone conversation, I offer the following 
comments as to our use of Landsat data* 

Our principal use of the data has been for regional geological studies, 
particularly tectonic analyses. These studies have been in support of 
Mobil’s world-wide exploration for both petroleum and other mineral 
depos i ts . 


The applications have been fairly well balanced between North America 
and foreign areas, including Africa, the Middle East, and Far East. 

We have examined shallow-water offshore areas for geological features. 

In one instance, offshore Egypt, we did use Landsat imagery to determine 
shallow-water areas potentially hazardous to marine seismic surveys* In 
this case bathymetric charts were of pre -1900 vintage and of questionable 
re ] iab ! 1 i ty * 

it is our observation that the application of Landsat data to petroleum 
and minerals exploration is increasing* We have both research and applica- 
tion objectives that rely on the continued availability of the data pres- 
ently available and those scheduled to be acquired in the future* 


Very truly yours. 





Eugere L. Jones,"^ Manager 
Exploration Research 
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ABSTRACT 


Foreign exploration frequently requires that large areas 
of relatively unexplored territory be evaluated in the most 
expeditious and informative manner. The selection of areas with the 
greatest potential would normally start with the least expensive 
reconnaissance tools like photogeology, field work and aeromagnetics 
before proceeding to the more costly and possibly more definitive 
techniques such as gravity, seismic and eventually urilling. In 
many areas, however, this ideal sequence of evaluation can no longer 
be followed due to shortened exploration periods and other restrictive 
government regulations. 

Santa Fe Minerals’ past experience with LANDSAT has proved 

that the ready accessibility of multispectral imagery provides for 

quick and inexpensive reconnaissance of foreign exploration areas. 

Firstly, it allows the construction of geographic base maps which 

are often more accurate than any existing maps. Secondly, LANDSAT 

imagery is an invaluable source of geologic' information; if used in 
♦ 

conjunction with existing published data it will, in most cases, 
improve the accuracy of geologic mapping and understanding of an area. 

In addition, it has been found that the imagery complements and aids 
in the interpretation of aeromagnetic and gravity data; this relation- 
ship is reciprocal. 

Santa Fe Minerals has successfully experimented with LANDSAT 
multispectral imagery and, as a consequence, now routinely integrates 
LANDSAT data into its exploration efforts. 

Exploratory work in Egypt and Yemen serves' to illustrate 
how LANDSAT imagery is used; some results are presented. 
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INTRODUCTION 


The purpose of this paper is to present some of the major 
contributions of LANDSAT data to Santa Fe Mineral's hydrocarbon 
exploration in foreign areas. 

Explorationists find themselves today in a highy competitive 
environment, complicated by shortening exploration periods and 
increasingly restrictive governmental regulations. For these 
reasons it is not always possible to follow a normal foreign 
exploration sequence, which is essentially a process of isolating 
and identifying targets with hydrocarbon potential from a large 
and relatively .unexplored area. This process usually begins with 
reconnaissance tools such as aeromagne tome try, SLAR, and photo- 
geology and proceeds to the more costly and ,time consuming (but 
hopefully more definitive) methods such as seismic surveys and 
drilling. LANDSAT data, because of their ready accessibility, 
help significantly in shortening the early reconnaissance stage 
of operations. In addition, LANDSAT imagery is, because of its 
low cost per unit area, one of the best data buys the explorationist 
can make. 

LANDSAT has proven itself to be a valuable source of geological 
information. It has invariably improved the cont|ract and sp^(!:ial 
relationships of outcrops in poorly or sparsely mapped areas. The 
mapping of linears helps to define a structural fabric or framework 
in the exploration area. This fabric is often indistinct or invisible 
at the surface but, nonetheless, strongly influences hydrocarbon 
accumulations. With few exceptions the pattern of linears is highly 



regular and can often be related to stress analysis. Subtle color 
and tonal anomalies have been observed which are believed to be of 
significant exploration importance. 

Significant relationships between gravity and magnetic data 
and alignments or trends have been observed in LANDSAT imagery. 
Initial conclusion suggest that the basement and inter— sedimentary 
structures which are routinely interpreted from the potential field 
data, have greater (but subtle) surface expressions than we had 
previously anticipated. 

Because it has been successful, LANDSAT data is now routinely 
integrated into Santa Fe’s foreign' exploration programs. It aids 
in planning geophysical surveys and allows the creation of explora- 
tion base maps onto which the results of literature searches and 
available data can be posted; one is now able to begin the data 
acquisition and interpretation process almost immediately. 

Exploratory work in Egypt and Yemen will serve to illustrate 
some of the contributions that LANDSAT data has made to our foreign 
exploration program. The choice of Egypt and Yemen was made because 
they essentially represent opposite ends of the information spectrum 
available to the explorationist. 

The permit area in Egypt has well-exposed surface geology, 
portrayed on relatively detailed geologic maps. In addition, there 
are -subsurface data available from nearby wildcat tests as well as 
Bouguer gravity and residual magnetic intensity maps. In contrast, 
the onshore exploration area in Yemen is covered with alluvium. 

There is no well data available from the five dry holes previously 
drilled there' in the early 1960 's, nor is there an adequate or 
reliable geological map of the area. Despite the current interest 



there is little in the published literature concerning the onshore 
geophysics of the Yemen Arab Republic. 

LANDSAT DATA CONTRIBUTIONS TO HYDROCARBON EXPLORATION IN EGYPT 

The East Cairo concession straddles the Cairo to Suez highway 
and encompasses about one million acres (Figure 1) . It is bounded 
on the east by the Great Bitter -Lake and on the west by the Damietta 
Branch of the Nile River where it comprises a small portion of the 
highly cultivated and densely populated Nile Delta. The rest of 
the concession area consists of gently rolling grayel ' desert, bounded 
to the south by east-west trending escarpments of Eocene limestone. 

These physibgraphic provinces are an expression of the geology, 
as shown on Figure 2, a geologic sketch map reproduced with permis- 
tion from Saids' The Geology of Egypt (Said, 1962). The 30th 
parallel (crossing the map in the center) forms the southern boundary 
of Santa Fe's permit. 

The bulk of the escarpment-fo rmin g Eocene limestones lie south 

of the 30th parallel. Most of the concession is characterized by 

east-west trending outcrops of Oligocene to recent age, with Eocene 

rocks showing only in a few anticlines. Exposures of Cretaceous 
\ 

sediments are reported from Gebel Shabrawet overlooking Great Bitter 
Lake. The east-west trending outcrop pattern is indicative of the 
apparent folding axes; the main pattern of faulting, shown on the 
map, has a northwest-southeast direction. 

Figure 3 is a LANDSAT mosaic which encompasses a much larger 
area than the geologic map. One can orient oneself by Cairo at 
the neck of the delta in the west; the Suez Canal and Great Bitter 
Lake on the east, and the Mokkattam limestone escarpment forming 
the southern concession boundary to the south- 



Quite a number of geologic features shovm on Said's map can 
be readily indentified on the L7A.NDSAT image; for instance, the 
Eocene horst of Gebel Oweibid. Interestingly, there are many other 
geologic patterns which are more visible on the LANDSAT imagery 
than on the surface geologic map. As an example, note the almost 
circular syncline southwest of Gebel Shabraweth which is rather 
inadequately represented on the surface map. 

A great nirnber of major and minor linear s can readily be 
observed on the LANDSAT mosaic; as shown in Figure 4, Close 
scrutiny reveals that these linears represent a limited number of 
statistical trends. 

A presentation in the form of a star diagram not only enhances 
their regularity but also shows that they are intersecting each 
other at angles of approximately 15°, 30°, and 60° {Figure 5) . 

These are the expected angles for shear sets of a strain ellipse 
and they can also be related to Moody & Hill's wrench fault tectonic 
scheme (Figure 6) first published about twenty years ago (Moody and 
Hill, 1956). 

This does not imply that the Cairo-Suez area is governed 
entirely by wrench-faults. In an area that lies at the junction 
of several important crustal plate boundaries which separate the 
African continent from the Mediterranean crust to the north and 
from the Sinai and Arabian blocks to the east, one can expect that 
divergent movements of these crustal blocks created a forceful 
stress system. This was likely relieved by a complex pattern of 
shear zones, compressional features and tensional rifts. 

The major structural units are illustrated in a simplified 
manner in a regional tectonic sketch (Figure 1 ) . 



The Gulf of Suez-Red Sea system is one of the most outstand- 
ing features .in this area. It likely consists of a combination 
of tensional rifting and strike-slip movements (left lateral ' wrench 
faults) . Initial block faulting occurred towards the end of 
Oligocene time and was associated with widespread volcanism. 

If sea floor spreading is indeed a factor in the later history 
of this area, it was restricted to the Red Sea proper and did not 
penetrate the Gulf of Suez. . 

The Gulf of Aqaba - Dead Sea sheer zone is equally impressive 
in its magnitude. It is probably along this left lateral .wrench 
fault that any plate movement caused by Red Sea spreading occurred. 

A distinct N 50° W trend occurs at a. 15° angle to the N 35° "W 
Gulf of Suez - Red Sea trend. Said combines the two trends under 
the name "Erythrean or. African faulting"; and indeed, the shore- 
lines of the Gulf of Suez and the Red Sea are controlled by seg- 
ments of both of these two trends (Said, 1962, P.33). The N 50° W 
direction appears to be much older "since it is expressed in shears 
within the Precambrian shield (Abdel-Gawad, 1969) . In addition, 
the N 50° W direction was certainly rejuvenated in more recent 
times causing some of the more prominent right lateral shears in 
our area of interest. 

The north-south or "East African" trend is described by Said 
as "the old grain of Egypt" (Said, 1962, P.32), yet it still seems 
to have played an important role in more recent geologic events, 
being responsible for deflections of the Gulf of Suez shorelines 


and of the Nile River. 



An east-west trend related to the "Tethyan” direction is prom- 
inent in Sinai and crosses the concession area in several places. At 
Gebel Oweibid it can be interpreted as a right lateral wrench fault 
based on the outcrop configuration shown on the geologic map. 

A major folding axis described as the Gebel Maghara-Abu Roash 
line crosses our. area in a N 70° E direction, at right angles to 
the primary stress oriented at about N 20° W. This primary fold 
axis is not obvious from the geologic surface map of our conces- 
sion area; however’, the magnetic intensity and the Bouguer gravity 
map do reflect this structural orientation. 

Considering the regional aspects of this main axis, one can 
discern a southwesterly plunge from the Jurassic outcrops at Gebel 
Maghara in the Sinai to the Middle Cretaceous outcrops at Gebel 
Shabrawet near the Great Bitter Lake and to the Lower Cretaceous 
and Jurassic encountered 2,000 feet below the surface in the Abu 
Roash wells. 

At right angles to the primary stress lie also the direction 
of greatest tension which could, at least in part, be responsible 
for the rifting of the Gulf of Suez. And while a number, of the 
mapped lineaments are probably related to strike-slip movements, 
others are associated with block faulting and tilting. It is 
believed that the major movement along the Gulf of Suez trend was 
a vertical displacement along normal faults resulting in tilted 
fault blocks. This can be illustrated by the uplifted Middle 
Cretaceous sediments at Gebel Shabrawet west of the Great Bitter 
Lake. A similar uplift along the same direction of faulting prob- 
ably occurred at Abu Roash west of the Nile Valley near Cairo. This 
set of block faults would result in a steepening of the south- 
v,'estward axial p3unac across tlie area. 



Evidence for horizontal dxsplaceinents is illustrated by a 
set of drag folds that forms a distinctive pattern in the center 
of the concession area. 

In the course of our work, we have observed a surprising cor- 
respondence between gravity and magnetic data and LANDSAT imagery. 
It usually is in the form of close associations of linears and 
lineaments with high gradients and magnetic accidents (Figure 8) . 
The magnetic anomalies which are. essentially reflecting the con- 
figuration of the magnetic basement dramatically confirm the sub- 
stance of the N70E regional trend that was first observed on the 
LANDSAT imagery. Please note the departure of 'the field from 
this trend in the south-central portion of the permit area. We 
have interpreted this as the reorientation of the basement along 
a major left lateral strike slip fault seen on LANDSAT data. 

This is an excellent example of how the potential field data and 
the LANDSAT imagery compliment each other to arrive at a unified 
and consistent geological picture. 

The correspondence of the Bouguer gravity anomalies (Figure 9) 
with the surface geology (Figure 2) is quite good. Note the 
roughly eas4-west alignments of gravity highs over the folded and 
faulted Oligocene sediments in the north and observe that a broad, 
regional trend of N70E is disturbed by high frequency anomalies 
associated with contacts and structures, particularly in the center 
of the area. In the west, where there is a total absence of 
geologic outcrops due to the vegetative cover of the Nile Delta, 
we have a broad, elongated gravity low which trends north-south. 



The LANDSAT interpretation highlights the contact and fault 
relationship inherent in the gravity data as well as the regional 
N70E trend which we feel is quite important to hydrocarbon accximu- 
lations east of the Nile Delta. Please observe that jogs in the 
course of the Nile are associated with flexures in the gravity 
anomalies and the extensions of lineaments mapped outside the Delta. 
We conclude that not only is the present course of the Nile largely 
fault controlled but that thi=se faults influenced the development 
of a gorge of Grand Canyon proportions which formed at the end of 
Miocene. This gigantic 10,000 foot deep erosion channel (discovered 
by Santa Fe’s seismic reflection work) helps to explain the con- 
spicuous north-south gravity -low mentioned above. 

LANDSAT DATA CONTRIBUTIONS TO HYDROCARBON EXPLORATION IN YEMEN 

The Yemen Arab Republic lies on the southwestern tip of the 
Arabian Peninsula (Figure 10) . The area in which Santa Fe Minerals 
was interested encompasses, in total, more than 5.7 million acres 
of which close to 4 million acres are located onshore. A rather 
restricted exploration option of eight months required us to 
survey this vast area in the most expeditious and cost effective 
manner. For this purpose, an abbreviated exploration program was 
xindertakcn consisting of an offshore seismic survey combined 
with marine gravity and magnetics. Over the onshore portion an 
aeromagnetic survey and LANDSAT .interpretations were conducted. 

The LANDSAT mosaic (Figure 11) will give the reader an 
indication of the nature and 'quality of the data as well as a 
feel for some of the interpretation problems that were encountered. 



The Tihama Plain extends 400 kilometers north to south along 
the Red Sea Coast. This coastal plain gently dips to the west 
from a mountain front which dramatically rises ho heights of over 
eight thousand feet. Although faulting, fracturing and jointing 
are clearly visible in the mountains, at first glance there appeared 
to be an almost total lack of these features in the plain due to 
the thick alluvial cover. On closer inspection, however, ir was 
observed that despite the lack of outcrops in the Tihama Plain 
there are a profusion of subtle color or tonal streaks as well as 
circular anomalies visible from orbit which are totally indistinct 
either on the ground or in the aerial photos f 12). 

Lineaments in the mountains define a structural fabric which 
is relatable to the stresses that this area has been subjected to 
as a result of regional upwarp or arching during the Oligocene, 
and rifting during the early and middle liiocene. Linears in the 
coastal plain echo the structural fabric of the mountains lending 
support -.to the possibility that these color and tonal anomalies 
reflect in some way the configuration of the subsurface, specifi- 
cally fault blocks and attendant structures. 

Subtle circular anomalies are onserved in the LANDSAT images 
and appear- to be concentrated north of 14° 30*. Salt is being 
mined from outcrops of Miocene age which have surfaced along 
the Red Sea Coast, particularly around Salit (El Shazly, 1967) . 

It is also understood that an oil company had drilled several of 
its wells on gravity lows, suggesting that salt domes were its 
exploration targets (Priviledged Communication 1975) . The 



Aeromaynotic Survey revealed tiiat no magnetic anomalies are directly 
associated with these features. As a consequence, it is confidently 
felt that some of the circular anomalies reflect salt diapirs. 

Their concentration above N14° 30’ suggests a thickening of the 
section in that area, strengthening the results of the aeromagnetic 
interpretation. 

The subtle circular anomalies Csuch as those targeted on 
Figure 13) are best seen in band 7 images and in stretched false 
color composites. While most of the anomalies appear as breaks 
in the tonal pattern of the plain, some are associated with vegeta- 
tion occurrences. 

Of the five wells drilled by an oil operator in the early 1960’s, 
three of them are located on circular anomalies (Figure 13) . It is 
observed that all of the wells drilled on circular anomalies lie on 
the flanks rather than on top of structural basement highs as inter- 
preted' from the aeromagnetic data, further supporting the contention 
that these circular anomalies reflect the presence of numerous 
diapirs. 

The color or tonal anomalies which we alluded to are highlighted 
in a portion of LANDSAT-1 Scene 1117-06562 (Figure 14). The streaks, 
trending southwesterly appear to be related to the onshore extension 
of faulting as interpreted from our offshore seismic program. We 
feel that these represent a reorientation of the drainage patterns 
as a consequence of southwest tilting of the section along these 
faults . 

The alignment of northwesterly trending streaks suggests that 
they may be the expression of faulting parallel to the Red Sea rift 
axis. Stream offsets along one such tonal anomaly indicates approxi- 
mately three kilometers of right lateral offset. The association wit?' 



earthquake , epicenters (Fairhead et. al, 1969) further indicates 
that these streaks are the surface expressions of faulting (See 
Figure 12) . 

Compagnie General De Geophysigue (CGG) flew a 4 600 1cm aero- 
magnetic survey for this exploration effort in April of 1975. 

The results of this survey were very gratifying because they not 
only confirmed the results of the offshore work# but made many 
of the features seen in the LANDSAT imagery understandable in a 
structural context. A few of our observations may serve to 
illustrate this point. 

A north northwest trending fault system (interpreted by 
CGG) parallels the mountain front and some of the linears 
observed within and at the foot of the mountains. 

The extensions of some lineaments from the mountains onto 
the Tihama Plain coincide with high magnetic gradients not- 
initially defined as faults. This aids in amplifying the inter- 
preted fault pattern. 

^ Conversely# magnetic events interpreted as basement faults 

coincide with stream courses emerging from the mountains# suggest- 
ing structural control of some of the drainage patterns. 

The flanks and basinal axis of a three kilometer deep mag- 
netic anomaly are ref lected .by surface linears. 

Numerous other interrelationships between magnetic data and 
linears in the Tihama Plain assist in deciphering the structural 
development of the area. 



It is of particular interest to note that LANDSAT observed 
linears are not solely related to fault and fracture patterns; but 
often reflect deepseated structural trends and a variety of geologic 
phenomena. 

Considering its demonstrated versatility, low cost and ready 
access, TiANDSAT imagery deserves to be applied to all integrated 
exploration efforts, foreign or domestic. 
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Figure 5. 


Star diagram illustrating relationships between 
mapped lineaments . 
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Figure 6. Wrench fault tectonics as related to lineament 
interpretation. 
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Figure 7 Regional tectonics 


of North-East Africa (Adapted from 





Figure 8. 




Kesidual total magnetic intensity map with 
lANDSAT interpretation superimposed. 


Figure 9. Bouguer anomaly map with LRNDSRT interpretation 
superimposed^ 



Figure 10. Index map showing Santa Fe Minerals, Inc. 
exploration area in Yemen. 







LANDS?VT— 1 False Color Mosaic of Yemen. 

Scenes: 1082-07011, 130CT72; 1082-07013, 130CT7 

1117-0S562, 17NOV72; 1117-06565, 17N0V72. 
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Figure 14. Detail of streaks and tonal anomalies on Yemen 
coastal plain. 
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SOUTHERN TIWBERLANDS DIVISION 



PAPER COMPANY 


P 0- Box 18020, Jacksonville, Fla 32229 (904) 76S-3 


Dr* James C. Fletcher 
NASA Headquarters 
Code A 

Washington, D, C. <i0546 
Dear Dr. Fletcher: 


July 15, 1976 
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St. Regis Paper Company is a large diversified timber based company 
owning or controlling over 5.5 million acres of land in the United States 
and Canada. In its Southern Xiniberlands Division, over 1.5 million acres 
are managed in Flprida, Georgia, Alabama and Mississippi. These lands 
must supply a continuing flow of raw material to three large kraft paper 
mills and meet the increasing demands of the many alternative uses. 


To provide a decision base from which optional management strategies 
can be selected, operations and executive management depend upon a series 
of long range planning models. These computer aided models are only so 
good as the data input to them. 

The Southern Timberlands Division is looking tov/ard the LANDSAT 
satellite system as a significant contributor to an already established 
forest resource data base. Specifically, we expect this contribution to 
help broaden the data base, enhance the timeliness of reporting and to 
establish a more efficient forest data acquisition scheme. 


The technical and procedural problems of achieving such a broad based 
information system may be substantial; however, a greater concern to us is 
the fact we are dealing with an experimental data acquisition system that 
has no guarantee of being a continuing source of data. 


A non-data continuum is not the only concern. An experimental satel- 
lite system such as LANDSAT 1 and 2 may promise no more than a slow, in- 
efficient and awkward data handling system. Such a situation would dis- 
courage integrating these data into an operational information system. 
Although we don’t like to think so, it is entirely possible the time and 
resources committed by^St. Regis may be but an academic exercise, with the 
only marginal consolation being an ability to handle and manipulate multi- 
spectral digital data. Such data will surely be of increasing importance 
in the future. A knowledge of how to analyze these data will be vital, but 
without LANDSAT and the follow-on program, an important added dimension of 
information will be lacking. \^here, for example, can we have an 8.5 million 
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acre synoptic view of the earth in one scene? Pvepeat ability of coverage 
every eighteen days (or 9 days with two satellites) at the same time of 
day and geographical location, is also a consideration. We know of no 
alternative platform that could repeat this kind of coverage. We feel, 
with just LANDS AT 1 and 2, and the state of the art as is, the system 
warrants operational status. We know that various photographic sub- 
systems will be involved in the whole system. We believe such a multi- 
stagcd approach to resource data acquisition is logical, efficient and 
far superior to what is now in place. We fully expect that LAND SAT C 
and later LANDSAX D or follow-on will provide data of increased precision 
and scope such as to improve even further our information base. This is 
especially true with follow-on and the proposed thematic mapper. I am 
told there is every reason to expect the increased resolution of 30 meters 
will allow us to drop at least one level of underflight data. This, along 
with an increased dynamic range of grey scale to 256 will enhance classi- 
fication capabilities. Such improvements will have an effect not only on 
St. Regis total land holdings, but all private and public organizations 
involved in resource management. 


With all this in mind, we strongly urge NASA to vigorously pursue the 
proposed on-going operational satellite system. We feel such a system is 
mandatory if proper decisions are to be made as to the management of our 
natural resources in general, and forest resources in particular. 


Sincerely, 




Kenneth D . Bailey 
Divisional General Manager 
Southern Timberlands Division 


KDB:jj 

cc: Mr. G, M. Turner 

Ms. Barbara Williams 
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THE SUPERIOR OIL COMP.ANY 

P O BOX 1521 

HOUSTON, TEXAS 77001 

July 23, 1976 


Dr. James C. Fletcher 
Administrator 

National Aeronautics and Space Administration 
Washington, D. -C. 20546 

Dear Dr. Fletcher: 

The Superior Oil Company has been utilizing Landsat data in 
our natural resources exploration program since it was first 
available to us in late 1972. We have found the data very 
useful in the early stages of our exploration programs, particularly 
in areas where we were starting a grass roots exploration effort. 

Our effort with Landsat has been two-fold: 

1. We supply our exploration people with tne best 
quality data available in their areas of interest 
and aid them in interpretational techniques 
developed by our applied Research and Development 
group . 

2. We have a continuing program orientated toward 
developing better interpretational techniques 

and specialty products (ratios, special stretches, 
etc.) which aid in the solution of specific 
exploration problems. 

Our utilization of Landsat data in petrolexim exploration 
has been more limited than in mineral exploration, primarily as a 
result of our present exploration targets. Our concentration in 
recent years has been in water covered areas where Landsat has 
minimal application. However, in areas where our search takes us 
on shore, Lands’at is utilized in our early exploration effort in 
an attempt to define basin shape and size and determine the 
presence of surface structure. It is also useful in determining 
the type of terrain and vegitation which will be encountered in 
the field, significant problems in many foreign areas. 

In my opinion, Landsat type data has it's biggest application 
in the field of mineral exploration. Landsat type data can save 
many months to years in the reconnaissance exploration phases of 
unvegitated areas. We have been successful in a number of areas, 
both foreign and domestic, utilizing Landsat data to outline 
specific target areas for ground based exploration. 
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-I have used the term Landsat type data because the present 
Landsat bands are not optimumly positioned for geologic mapping. 
In particular, we need bands centered at 1.6 and 2.2 micrometers. 
The 1 . 6 micrometer band is proposed for the thematic mapper on 
Landsat D; however, without the 2.2 micrometer band to utilize 
in ratioing, its value will be significantly diminished. Our 
experience indicates that ratioing of two bands in the same 
portion of the spectrum is much more useful in geologic mapping 
than single bands. 


The increased spatial resolution and dynamic range of 
Landsat D will certainly be welcomed by the Geologic Community; 
however, until the bands are placed in an optimxam position for 
geologic mapping, the really large benefits of natural resource 
exploration from space can not be obtained. 


Very truly yours. 


THE SUPERIOR OIL COMPANY 



Jon W. Davidson 


JWDiclh 


cc: T. C. Holt - The Superior Oil Co. - Houston 

Barbara Williams - N.A.S.A. - Washington, D. C. 
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TROLLINGER GEOLOGICAL ASSOCIATES, INC. 


W. V. TROLLINGER 

President 


CONSULTING GEOLOGISTS 

TGA Bldg / 2150 S. Bellaire St. / Denver, Colo. 80222 / Phone (303) 757-7141 

July 14, 1976 


Dr. James C. Fletcher 
Administrator 

NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 
Washington D. C. 20546 


Re: Value of LANDSAT for Petroleum Exploration 


Dear Dr. Fletcher: 

The purpose of this letter is to bring you up to date on our photogeologic mapping 
program using LANDSAT in Guatemala and southeastern Mexico. It is with a sense 
of responsibility that I let you know how useful LANDSAT has been in our oil ex- 
ploration program there, particularly in light of your help last year in scheduling 
LANDSAT-2 to acquire coverage in certain cloud-covered areas. 

You will remember, I wrote to you on September 4, 1975, and visited your offices 
in early October and discussed our geologic mapping program in that region. As 
you know, Trollinger Geological Associates, Inc. (TGA) is a consulting photo- 
geologic mapping company located in Denver, Colorado. For the past fourteen 
years our company has specialized in photogeologic-geomorphic mapping and 
advanced remote sensing analysis for petroleum and mineral exploration all over 
the world. Our staff has an aggregate of over 200 years' experience in mapping 
more than 2,000,000 square miles of the earth's crust. We have been users of 
space photography since its inception, and have utilized Gemini, Apollo, ERTS, 
Skylab and LANDSAT materials in conjunction with conventional and special- 
purpose aircraft photography and imagery {See enclosed brochure. Exhibit A) . 

In 1973, TGA completed a detailed photogeologic-geomorphic study (using air- 
craft photography) of a 1,500 square mile area in Guatemala for our parent com- 
pany, Shenandoah Oil Corporation (SOC) , who held oil exploration rights there. 
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This was followed up by field work, geophysical surveys and drilling, which 
resulted in a significant oil discovery by SOC on the Rubelsanto anticlinal 
structure. Almost simultaneously, a huge oil discovery was made in Mexico, 
some 220 miles to the northwest on trend- with Rubelsanto. This is the giant 
Reforma Field, estimated now to contain 14-40 billion barrels of oil reserves. 

In order to determine the geological relationships between Reforma and Rubel- 
santo, SOC commissioned TGA to undertake a regional photogeologic mapping 
project using LANDSAT and SKYLAB imagery in conjunction with all other geo- 
logic information available. The preliminary LANDSAT photogeologic study is 
nearly completed, thanks to you and your staff for obtaining LANDSAT-2 cover- 
age. This in areas of previous cloud cover. 

I am sure you appreciate the difficulty exploration companies often have in 
supplying specific details regarding their early exploration efforts in a given 
area. Due to the huge expense involved in exploration, much of the information 
gained must be kept proprietary until development is complete. However, SOC 
has given TGA permission to provide NASA with reduced copies of our preliminary 
maps (not for distribution) , together with other supplemental information relative 
to this project. This is done with the hope that it will serve as a demonstration 
model as to the value of LANDSAT for regional exploration studies for petroleum. 

The area studied embraces approximately 380,000 square kilometers including 
all of Guatemala and Belize, the southeastern end of Mexico and the western 
parts of Honduras and El Salvador. The space-derived materials utilized in- 
cluded (1) LANDSAT black and white prints (bands 5 & 7) and color composites 
(bands 4, 5 & 7) at the scale of 1:1,000,000 and f2) SKYLAB color photography 
(S190B) at the scales of 1:500,000 and 1:1,000,000. Methods of map compilation 
and geologic interpretations were similar to those of a conventional photogeologic 
evaluation using aircraft photography, but modified in accordance with the charac- 
teristics of the space materials. A black and white mosaic was constructed at 
the scale of 1:1,000,000 from band 7 images (Plate I-reduced copy). Geologic 
interpretations were made using the various LANDSAT and SKYLAB images, and 
annotations were compiled to an overlay to the LANDSAT mosaic. Final maps 
were prepared from the preliminary base map overlay and prints of these were 
prepared on linen and hand-colored with lithographic inks. 

The interpretation phase involved the utilization of all available published geo- 
logic maps and reports to provide background information on the surface strati- 
graphy, structure and geomorphology. In addition, experience gained by TGA in 
detailed mapping (using aircraft photography) in the SOC concession area pro- 
vided invaluable information to add to the data base prior to initiating the inter- 
pretation. The detailed analysis of the LANDSAT images was accomplished by 
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first using the areas of overlap between adjacent orbit tracks. These were 
studied in stereoscopic perspective, which greatly facilitated discrimination 
of basic rock units and mapping of structural features. Next, interpretation 
of the larger parts of each image not overlapped was accomplished using 
monoscopic methods. A magnifying glass was used to infer and extrapolate 
the major structural and lithologic data from the sidelap areas and the non- 
stereo areas. 

Plate II is a reduced copy of the preliminary LANDSAT photogeologic map. This 
work has added immeasurably to our understanding of the geology of the region 
and promises to be extremely useful as SOC continues exploration and drilling 
within their exploration block. 

Some of the things we have learned are: 

(1) Reforma and Rubelsanto lie along the same structural trend, at opposite 
ends of the Chapayal-Peten Basin, the southern segment of the Gulf Coast 
Province . 

(2) The structural features of the SOC block are similar in character to 
those of the Reforma and the intervening area of Chiapas, Mexico. The 
curving pattern of folds and faulted structures give clues to the shape of 
the basin and patterns of deposition. 

(3) The limits and characteristics of the major tectonic features forming 
the boundaries of the Chapayal-Peten Basin. The left-lateral displacement 
along the major controlling faults (CCP, Motagua and Jocotan) has produced 
.numerous secondary structures within the basin, many of which probably 
represent significant hydrocarbon traps . 

The total value of LANDSAT to the SOC exploration effort will not be known for 
years to come. We are presently integrating this regional information into the 
detailed data derived from wells drilled to date and "on the ground" geophysical 
surveys. The regional perspective provided by the LANDSAT study has signifi- 
cantly updated our knowledge of the character and chronology of geologic events 
effecting the region and without it, LANDSAT, this knowledge would have been 
virtually unobtainable at any price. 

It is our intention to soon provide copies of this study to the governments of 
Guatemala and Mexico. This is being done out of a recognition by SOC that 
cooperation between Mexico and Guatemala and the exploration companies in- 
volved will result in a more rapid development of needed oil resources in this 
■region. 
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I want to again thank NASA and you for your contribution to this project. This 
is but a single case in point, illustrating the value of lANDSAT for petroleum 
exploration. I am convinved that natural resources satellites offer the greatest 
hope for meeting the growing world-wide energy crisis. 

In closing, I would like to strongly recommend the continuation of the LANDSAT 
program as planned, modified in the future to better meet the needs of explora- 
tion geologists . I will be happy to provide any additional information you might 
desire regarding our utilization of LANDSAT in petroleum and mineral exploration. 

Very truly yours, 

TROLLINGER GEOLOGICAL ASSOCIATES, INC. 


WVT:wh 
Enclosure 

cc: Mrs . Barbara ‘Williams 

NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 




TROLLIIMGER GEOLOGICAL ASSOCIATES, INC. 


Wr’ 


W. V. TROLLINGER 

President 


CONSULTING GEOLOGISTS 

TGA Bldg. / 2150 S. Bellafre St. / Denver, Colo. 80222 / Phone (303) 757- 

Jime 14 j 1976 


Mrs. Barbara Williams 

NATIONAL AERONAUTICS and SPACE AIMINISTRATION 
Washington D. C. 20546 


Re: Questionnaire on Utilization 

of Landsat Data in Oil Explor- 
ation 


Dear Mrs. Williams: 

It was a pleasure to meet with you in our offices during your brief visit to 
Denver last month. The following is in response to your request for information 
concerning our utilization of Landsat data in the conduct of our geologic map- 
ping programs for petroleum and mineral exploration. As you know, our company 
specializes in making detailed photogeologic-geomorphic studies for the petroleum 
^d mining industries. In general, we utilize the Landsat data as supplementary 
imagery to aircraft -derived aerial photography. The following are answers* to the 
questionnaire you gave me, a copy of which is enclosed: 

(1) Yes, we have been using Landsat data in regional .exploration studies 
ever since it has been available. Accordingly, we have utilized 
Gemini, Apollo and Skylab imagery as it has been made available to 
us. In conjunction with our global exploration efforts, TGA has util- 
ized Landsat data on five continents. 

(2j Yes, we utilize Landsat data for regional exploration studies as well as 
combining it with conventional methods utilizing aircraft aerial photo- 
graphy. Generally speaking, the Landsat imagery provides the overall 
synoptic view for regional geologic (primarily structural) interpretation 
which puts the detailed information into its regional context. A partic- 
ular example of the utility of Landsat data in conjunction with aircraft - 
derived imagery is that of a recent study our company completed in South- 
east Mexico and Guatemala (letter to follow) . 
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(3) , ' It is very difficult to quantify the amount of cost savings effected 
■ by utilizing Landsat data over a totally conventional program. This 

is because the type and quality of information derived is quite dif- 
ferent. However, the following information is given for general com- 
parative purposes: 

For the Guatemala-Mexico area mentioned above, the cost break- 
down roughly is as follows: 

a. Detailed study using aircraft photography 

(approximately) 1500 square miles -$6.50 per square mile = $9,750.00 

b. Regional study using Landsat 

(approximately 150,000 square miles-$.20 per square mile= $30,000.00 

c. $6.50 per square mile divided by .20 per square mile = 32.5 

This means of the unit costs for mapping using conventional photography 
were 32.5 times more costly than using Landsat. However, the products 
are totally different in quality and amount of detail and therefore, 
the cost figures are of limited value. The resultant Landsat photogeol- 
ogic map was prepared at the scale of 1:1,000,000, whereas the conven- 
tional photogeologic map was prepared at the scale of 1:50,000. Thus, 
the conventional map is more detailed and more comprehensive than the 
Landsat map - however, the Landsat map provides data that has been here- 
tofore virtually unobtainable at any cost. 

Regarding the second question in No. (3) , I would suggest that there is no 
way to make this comparison. Since you are including geophysical costs as 
well as geologic, the question becomes ext remely difficult. The purpose of 
the Landsat study would be to provide regional information which would give 
selective guidance to on-the-ground geophysical operations. I would simply 
say that we have not yet had enough experience with the Landsat data to be 
able to quantify its value in the conduct of ongoing exploration programs. 

(4) Regarding the most beneficial characteristics of Landsat, I would suggest 
that a. scan large areas (regional synoptic view) and b. discern major 
structural and lithologic features - would be the most important. If those 
are the most beneficial, then they should have some impact on cost savings. 
The amount however is difficult to pin down precisely, 

(5) No information. 

(6) In regard to different seasonal conditions, our company always uses only one 
set of conventional aerial photography. This is generally flown to the seasc 
most appropriate for the type area involved. In regard to this feature of 
Landsat, this is not at all an important factor in our use. Moreover, I ser- 
iously question whether this results in increased accuracy. In regard to a 
cost savings regarding repetitive coverage during different seasons, this 
would not result in a cost savings but rather an added expense. 
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(7) Regarding using Landsat data to select areas for more detailed study, the 
answer is yes. Again, this is difficult to quantify because it represents 
• the utilization of materials heretofore unavailable. This should be a 
very significant factor in years ahead, when the imagery is more suited to 
geologic exploration. 

(9) No opinion. 


I hope the foregoing information will be of some use to you in the days ahead. I 
am sending under separate cover a copy of the letter referring to our Guatemala- 
Mexico study. 

Very truly yours, 

TROLLINGER GEOLOGICAL ASSOCIATES, INC. 


WVT:wh 




OIL CX31PANIES 


1. Have .you been using LANDSAT data in regional exploration studies? 

l '' 

2. Do you use only LANDSAT data for regional exploration studies or 
do you carbine it with conventional methods such, as aerial 
photography, reconnaissance surface geology, and seismic surveys? 

3. What cost savings in onshore geologic and geophysical (G&G) 
operations is derived frcm this use of LANDSAT data over a 
totally conventional program? Wbuld this represent a 35% 
savings for your conpany's onshore G&G operations? 

4. Soite LANDSAT users have found -the following advantages: 

- scan large areas 

- discern major structural and lithologic features 

- see an area many times under different seasonal and 
atrtDspheric conditions 

- itrprove existing interpretations of local areas 

- suppress a large amount of distracting detail permitting 
subtle large scale differences to be defined 

- see an area in various forms of black and vbite, multi- 
color, and multiple bands of infra red. 

Which of these features have you or would you find especially 
beneficial? Which are most related to cost savings? Why? 

5. With conventional methods for regional ejploration studies did 
you have to carbine local data to get regional information? 

• What percent of the G&G expense was associated with this 
oorbining? 


Did you find a cost due to the inaccuracy of this method? 

6. With conventional methods did you get G&G data on an area under 
different seasonal conditions? If not, have you found this 
LANDSAT feature an irportant factor for increasing accuracy? 

Could you place a cost savings on this increased accuracy? 

7. Have you used LANDSAT data to choose optimal regions for 
exploration? VSnat percent efficiency have you found? 

Can you assign a cost savings? 

8. Have you found LANDSAT data useful for new seismology techniques 
namely bright spot analysis? 

If yes can you assign a cost savings to this use of LANDSAT data? 



If an acceleration in tne discovery rate of the existing 
petroleum stock vjould occur, do you think it would be 
beneficial for your ccnpany to increase its production rate? 
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CITIES SERVICE OIL COr/PANY 


Ms. Barbara E. Williaiiis 
Code EK 

National Aeronautics and Space Administration 
Washington, D.C. 20037 

Dear Ms. Williams: 

First, I wish to apologize for this delayed response to the 
questionnaire that you left with us during the brief visit last suniner,^ 
regarding the utilization experience of Cities Service with Landsat data 
for onshore geological and geophysical operations. Secondly, it should 
be understood' that the following coniiients are my specific response to 
the questions based upon a general knowledge of how the various explora- 
tion groups in our worldwide operations view and use the Landsat data and 
my personal opinion of how the data should be used, now and in the future. 

We have used Landsat data, in standard product image format, 
extensively for regional exploration studies since October, 1972. Whenever 
possible, it is combined with as much "conventional" data as is available. 
However, in many of our foreign operations there is usually not a large 
amount of conventional data already on hand. In those instances of poorly 
known areas, a Landsat image mosaic is frequently the best .approach to 
quick evaluation of a region, and this type of overview is very valuaole 
both before and after an exploration concession is obtained. Regardless 
of the relative amount of informacion on hand, a good image mosaic is an 
excellent base map for planning of regional data acquisition and .subsequent 
compilation of data to facilitate its integrated interpretation. The 
resulting regional data base is a necessary step for the definiLion of 
prospects that can then be subjected to the very expensive ground geophysical 
follow-up that must occur to locate drillable targets. 

We, like many Landsat users, find that the major advantage of the 
imagery is the capability that it provides to look at a large area of the 
earth's surface in such a fashion as to suppress a great amount of distracting 
detail thereby permitting the detection and mapping of major structural and 
lithologic features. The information derived from this broad perspective 
IS then combined with conventional types of data, both regional and local 
in scale, by means of a suitable geological hypothesis to develop new, or 
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improve existing, interpretations cf more manageable local areas. To 
get coverage of an equivalent area {13,000 sq. mi.) with standard air- 
photos v/ould involve a very large number of airphotos (approximately 
2,000 photos per Landsat scene), and contracted data acquisition, print- 
ing and mosaicking of this size survey would cost on the order of $75,000.00. 
The required scale reduction to get that amount of photomosaic to a useable 
size is such that the inherent tonal variation and spatial distortion in 
the final product renders it relatively unuseable for the sort of study it 
was intended, i.e., to show large, but subtle, features of geological signi- 
ficance. Also, the time to develop the product to this stage can be inord- 
inately long. The resulting high cost-to-benefit ratio has effectively 
precluded the general usage of any large area photomosaics. 

We know that multi -season coverage may offer more information 
than a single look by detection of such changes as vegetation cover, soil 
moisture and sun angle. Many clues of geological significance are transient 
in nature because of these factors, yet the previously cited costs for an 
airphoto survey make it unlikely that the clues will be sought after with 
this tool. Whereas the increased amount of information from multi-season 
airphoto coverage would probably not be sufficient to warrant the necessary 
expenditure for it, the fact that repetitive Landsat data is available for 
such a small price ($12.00 per scene) certainly behooves an explorationist 
to exploit it for any possible advantage. 

The multi -spectral nature of the Landsat data is due similar con- 
sideration to that of the multi -seasonal aspects for many of the same reasons. 
The various views of the same scene that the multi -spectral data provides 
will often yield considerably more information than any single view which 
is possible. Of course, the same kind of data can be acquired by a multi- 
camera airphoto survey, but the previously mentioned factors of cost, 
mosaicking and scale reduction are seriously compounded by the increased 
number of photographs that must be considered to do so. 

Please note that airphotos and photomosaics have a definite, 
functional place in most exploration ventures, but they are not well -suited 
to large region studies which are typically of a "reconnaissance” mode. 
Conventional photogeologic studies should occur as the second step in the 
exploration scheme to furtlier reduce the size of areas selected for ground 
fdl low-up. 1 suggest that far too many users of Landsat data are technolo- 
gically ignorant when they expect to do detailed photogeologic mapping with 
orbital altitude data. Tna unquestioned advantage of Landsat type imagery 
is the synoptic view that it provides by suppressing much of the distracting 
detail on the earth's surface, yet it is precisely that very same detail 
which is sought after in photogeologic mapping. The point of this discussion 
here is that neither satellite nor aircraft data are a replacement for one 
another, but are indeed supplementary tools to be knowledgeably used for 
distinctly different (altnough closely related) phases of exploration. 
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For these reasons, to attempt a meaningful economic analysis 
of direct Landsat-rel ated costs and benefits such as this questionnaire 
is seeking will be very difficult, to say the least, and inevitably mis- 
leading in its implications and conclusions. For example, a multi-.seasonal 
(four times per year) regional reconnaissance study of a 13,000 sq. mi. 
area would cost on the order of $300,000.00 for airphotos and $48.00 for^ 
Landsat's multi -spectral images, i.e., an apparently tremendous cost savings 
just in data acquisition by using Landsat data over a conventional program. 

But, because of the long lead time, the cost, and the relative effectiveness 
of the regional scale, the airphoto study would probably not be included 
as part of a conventional reconnaissance program; therefore, the cost savings 
are only illusory. Another extreme example would be one relating to foreign 
operations where airphoto surveys are very costly or impossible to acquire 
because of political expediency. In such an instance, Landsat data is the 
only way to get regional reconnaissance structural information, and decisions 
to bid or not to bid on exploration concessions costing millions of dollars 
could be influenced by the information provided through a single Landsat 
image which costs only $3.00. 

Landsat data is just another tool, and as -such, it may be utilized 
•in various ways and with various effects. In some instances, it can be of 
singularly beneficial use, e.g., for regional reconnaissance when it provides 
significant data that is just not available from any other source for a 
feasible price or in a practical time frame, and in other instances, it is 
only of supplemental benefit, e.g., when used as a good base map for con-’ 
ventional data compilation. 

The EROS concept, and Landsat system(s), is a truly remarkable 
venture that can only continue to grow and expand in its influence on how 
we are to handle the challenge of providing the natural resources that are 
so indispensable to the future. The benefits that have been derived to 
date are, as I have tried to indicate above, extremely difficult to quantify 
for precise assessment, but let there be no doubt that the program has made 
many significant contributions to our efforts already. Cities Service is, 
as most energy-exploration companies are, a large group of people with diverse 
technical experiences and information requirements. Therefore, newconcepts 
and tools are all too frequently difficult to introduce and be readily 
assimilated into the normal scheme of operations. So it has been with the 
Landsat data, but we now feel that we have crossed l-lie recognition threshold 
with a large portion of our people. Wc certainly have done so on a Company 
philosophy basis as is witnessed by our moral, technical, and financial 
commitment to the recenily conceived Geosat Committee, which is itself 
perhaps the most concTusive testimony of all in regard to the relevance 
attached to the EROS program by industry. The information that explorationists 
have been able to derive from the data content of the Landsat-1 & -2 satellites 
(which v;ould be more appropriately named "Agrisat" because of their spectral 
selections) has been very valuable in a dual consideration: first, it has 

provided a practical method for seeing the regional picture that is so often 
relevant to our task but was previously unavailable; and secondly, it has 
served to merely indicate the vast potential that awaits to be tapped through 
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systematic coverage of the earth's surface by sensor systems that are 
dedicated to, and spectrally tuned for, geological exploration purposes. 

It is this latter consideration to which the Geosat program will address 
itself. Our industry, as a whole, is sufficiently convinced regarding 
the prospective utility of the EROS concept that we are willing to join 
together in a loosely-knit, cooperative venture to define, recommend, and 
support implementation of changes to the system which are deemed to be 
vitally necessary to fully realize the capabilities which have been envisioned 
as the direct result of the Landsat program. 

Two of these aspects should be briefly commented on here as I 
believe they are integral to a proper response to the original questionnaire. 
The batch-processing method whereby the Landsat data is converted to a film 
product for general public distribution often produces inadequate pictorial 
rendition which prevents extraction of the full information level of the 
data content, i.e., some of the images which could have played a measurable . 
role in our exploration activities didn't because the film products obtained 
from EROS Data Center were severely lacking in tonal contrast which prevented 
full spectral and spatial resolution fidelity for large geographic areas of 
interest. Also, the specific spectral windov/s that have been sampled by 
the Landsat MSS system, because of their location ano broad width, have not 
permitted realization of the rock-type mapping capability for v^hich we had 
hoped. 


The proposed specifications for the Thematic Mapper to be employed 
in the Landsat Follow-on program appear to nold great promise towards alle- 
viating many of the problems that we now face. It is our sincere desire 
that the EROS program remain viable, and hope that it will accommodate the 
improvements to be recommended by the Geosat Committee whenever possible so 
that this new tool can be increasingly and constructively used to its fullest 
extent for geological exploration in the future. 


Very truly yours. 



Paul G. Harrison 

Senior Research Geophysicist 


PGH/msh 
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HOLD FOR RELEASE 
UNTIL PRESENTED , 
BY WITNESS 


Statement of 

Dr. n. LeRoy Scharon 
NL Indunt.rios, Inc. 
Golden, Colorado 


before the 

Committee on Science and Technology 
House of Representatives 


Mr. Chairman and Members of the Committee: 

It is with a sense of duty and responsibility that I speak 
on behalf of NASA and its applications program and specif- 
ically address my remarks to the value of Landsat to the 
mineral exploration industry. 

When one is constantly reminded of the statistics and 
statements involving mineral discoveries, such as "today's 
odds against finding a commercially exploitable metallic 
orebody as 10,000 to 1," or, "the United States mineral 
deposits have been exploited to the poLnt of no return," 
or, "the United States has been a major importer of many 
raw materials ever since World War II," or "the rate of 
new discoveries and development of resources is declining 
for a wide range of minerals," one is tempted to become 
extremely pessimistic in the expected results of his 
exploration endeavors- But, as in the past, there is 
invariably some new technology that always comes to the 
forefront to change the atmosphere from one of pessimism 
to one of optimism. I personally, and I am confident that 
my associates in the task of mineral exploration, look 
upon that phase of NASA's total program, i.e., the Landsat 
epoch, as an important new technology that will and is 
minimizing that pessimism. 

NL Industries, although not exclusively a mining company, 
is a corporation that uses many raw materials in its total 
business program. As a result, NL does support a mineral 
exploration group. This unit is dedicated to the discovery 
of new mineral sources in a minimum of time and at a minimum 
cost. We, therefore., are constanty monitoring new tech- 
nology and new geological concepts and employ new techno Igy 
and new geological concepts when we can demonstrate they 
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are applicable to our exploration programs- With all 
modesty, I can assure you that the Landsat program, 
even in its earlier stages, received not only our attention 
as to its potential value, but was implemented into our 
exploration program, where today it is an important and 
essential element in our total mineral exploration efforts. 

While not intending to oversimplify the basic concept of 
mineral occurrences, it is stated that the chance of 
finding a new mineral occurrence is based on three simple 
conditions. First, one must identify a suitable host- rock 
in which minerals of economic quantity may be found. Second, 
one must locate a favorable geological structure along which 
and in which mineral sources may travel and be concentrated. 
And third, one hopes to find actual presence of mineraliza- 
tion. If all three conditions are present then the 
potential for a major mineral discovery is high. Today, 
however, in the united States it becomes necessary to carry 
out mineral exploration in many instances, where none of 
these criteria are visually evident but of necessity can 
only be inferred. A large portion of exploration funds, 
therefore, are expended establishing all of these concepts 
before a hopefully successful exploration program can be 
initiated. 

The availability of Landsat imagery in its various forms 
of black and white, multi-color, and multiple bands of 
infra-red to the mineral exploration industry allows the 
exploration geologist to scan areas of many thousands of 
square miles and with his geological knowledge interpret 
from these individual data and their many combinations, 
structural features and in some cases actual preparation 
of rock fo3cmations that may serve as host conditions for 
the concentration of mineral occurrences. With these 
interpretations at hand, a mineral exploration group has 
been honed in to specific targets, not only in a diminished 
time frame but also at the savings of many thousands of 
dollars, preliminary to establishing a specific exploration 
program. 

One of the important advantages of Landsat imagery is 
that the exploration geologist has the rate opportunity 
over a span of time to see the area of interest not once 



but many times. Updated imagery reflects changes in 
atmospheric conditions, diurnal changes, seasonal changes, 
and in rare cases actual geological processes in action, 
all of which may be very subtle, yet they enhance the 
geologist's interpretations, resultxiKj in a more posiLlvo 
commiLiuent as to whai. he sees. As in all Indirect mineral 
exploration techniques, of wliich Landsat is an established 
entity, the success is a direct function of the user's 
geologiccal knowledge. 

Like any new technology, there are always stages of 
improving or expounding upon the end results. In the case 
of Landsat, and as a result of the involvement of the 
geologists* use of same,, these enhancements are and will 
be brought about. For example. Sky lab photography enhanced 
the usage and- ultimate interpretation of Landsat imagery 
where coverage by both was available. The eventual 
gathering of data through the inclusion of heat capacity 
sensor mapping and the increase of multispectral scanner 
technology, will enhance further the geologists' inter- 
piretabion of the throe basic elements that determine the 
loci of mineral concentrations. I would look for the 
inclusion of a sensitive magnetometer in conjunction with 
the Landsat imagery. These potential innovations could 
assist immeasurably in the reversal of the genral gloom 
that hangs as a shadow over the mineral discovery problem 
in the United States. 

So far I have been making rather generalized statements as 
to the value of Landsat imagery to the mineral exploration 
industry. Just how has NL Industries made use of Landsat 
data? I shall make an attempt to elucidate, but due to 
the proprietary nature of our efforts, I cannot be specific. 
In one instance, by combining Sky lab and Landsat imagery 
over an area of several thousand square miles which has not 
been mapped geologically we were able to reconstruct a 
geological structural pattern of faults and infer geological 
formations. Before sending a geologist into the field, 
these data were used to identify loci where mineral 
occurrences, if present, should be concentrated. From 
a practical point of view, the time element was reduced from 
9- field reconnaissance of two years to several months. 

This alone represents a saving to NL of several hundreds 
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of thousands of dollars. If all the mineral exploration 
units in the United States were to each have a similar 
experience, which no doubt they have, then the savings 
in 1,1 rao and money may well bo several factors of 10. 

In another case, which occurred xn the United States, 
observing handsat imagery over a known mineral district, 
wo observed through the utilization of the infra-red 
bands, that one could interpret fracture patterns, not 
evident at the surface, in which ore occurs at 1500-2000 
feet below the surface. Applying this technique over 
another area where a similar host rock at depth is known 
to exist, similar patterns .in uhe infra-red bands were 
evident. As a result, over an area extending some 200 
miles east-west and 50 miles north- south, specific loci 
were spotted, an exploration program initiated with a 
considerable decrease in time and dollars spent, and I 
might add with an exx-iloration success . These are but 
two examples. Do we consider our many applications success 
ful? I must answer, in all candor, that the answer is yes. 

Occasionally throughout the world-wide mineral exploration 
industry spanning many hundreds of years, there will come 
some major breaktiirough in technology tliat enhances the 
discovery of natural resources. I look upon Landsat as 
the most i.mportant innovation to the mineral exploration 
industry since the advent of the airborne magnetometer that 
followed World War II. And just as this phase of remote- 
sensing developed to its high degree of perfection, i pre- 
dict that Landsat will experience the same high degree of 
technology and practical use. 
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COIVHVSUIMtCATiaiNtS SAXEUL.ITE CORPORATIOM 


Dr. James C. Fletcher, Mministrator 
National Aeronautics and Space Administration 
Washington, D.. C. 20546 

Dear Jim: 

We are pleased to respond to your request of April 12, 1976 
and the very informative briefing given by Ms. Barbara Williams 
requesting our assistance in assessing the potential market for 
the products and services from a prototype operational earth 
resources system- We believe NASA's efforts in this respect 
are timely and will help to further the application of this 
interesting and useful technology. 

To date, neither COMSAT nor COMSAT General has been engaged 
in any business relating to the provision of earth resources data 
products or information services. However, we have initiated 
internal studies concerning earth resources systems for the 
purpose of understanding the technology, its potential applica- 
tions, and the extent of its current utilization. We also have 
followed with considerable interest the effort, both domestic 
cind international, devoted to the study of the establishment of 
an operational earth resources system. 

Based on our studies, we believe there is insufficient user 
demand at this time to justify an undertaking by commercial entities 
to establish a total earth resources system including the space 
segment. However, we believe the market” for earth resources data 
products and information services, both within the United States 
and internationally, has not yet been fully developed. In this 
context, we believe there are four major factors which would have 
an impact on the development of the market for earth resources data 
products and information services. The first factor is whether 
potential users believe there will be an earth resources satellite 
system continuously available in the future. A second factor is 
the extent to which any internationally adopted treaty or statement 
of principles relating to the acquisition or distribution of earth 
resources data will restrict the data products and information 
services which can be provided to potential users. A third factor 
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is the extent to which the data products and information services 
provided to potential users can be expanded and delivered in a 
more timely fashion. A final factor is the extent to which the 
marketplace can be stimulated through aggressive marketing tech- 
niques and services . 

Since it does not appear feasible at this time for private 
industry to undertake the establishment of an earth resources 
satellite system, we believe the only alternative for the period 
through the early 1980 *s is for the United States Government to 
establish a prototype operational system. The commitment by the 
Government to establish such a system is, we believe, an essential 
first step in stimulating the utilization of earth resources data 
products and information services. We also believe the Government 
should take all action necessary to ensure that restrictions on 
the data products and information services which could be provided 
commercially from such data sources be kept to a minimum. 

While we do not envision involvement of the private sector 
at this time in the establishment of the space segment of an 
operational earth resources satellite system, we do believe there 
may be an appropriate role for a private company in the distribution 
of data products and services to users, including the U. S. Govern- 
ment, private industry and international entities. Given appropriate 
business arrangements, the involvement of a private company in such 
a function could result in the provision of more extensive data 
products on a timely basis. It also would be likely that such a 
company would engage in an aggressive campaign to develop the 
market for earth resources data products. We recommend, therefore, 
that consideration by NASA of the establishment of a prototype 
operational system take into account the advantages achievable 
through involvement of a privare company in the distribution of 
data products to users. 

Finally, we wish to note the likelihood that a fully opera- 
tional earth resources satellite system will involve substantial 
international participation and cooperation. Given COMSAT 's 
experience and expertise in the definition, establishment, and 
operation of satellite systems , we believe we could make a sub- 
stantial contribution to any participation by the United States 
in an international earth resources satellite system. 

We appreciate this opportunity to present to you our views 
with respect to consideration of the possible establishment of an 
operational earth resources satellite system. 
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Dear Dr. Fletcher: 


Enclosed please find the results of a survey conducted of 53 committees 
in the American Society of Civil Engineering (ASCE) to identify 
potential applications of aerospace technology in civil engineering. 

This study v;as completed by the Technical Council on Aerospace (TCAS) 
last year and 'indicates that aerospace technology has wide application 
in the civil engineering profession. Twenty-six of the thirty committees 
that replied in the survey reflected a strong interest in aerospace 
related technology primarily remote sensing by listing current and 
potential applications in their technical areas. 

The survey shov/ed that civil engineers are actively involved in many areas , 
in which satellite imagery is being utilized, or has the potential of 
being utilized, to economically and effectively provide the needs of 
mankind, including: water resources planning, management and environmental 

evaluation; ocean and coastal engineering; beach erosion and tidal inlets; 
longshore sediment transport and currents; river basin planning, navi- 
gation and flood control; regulation and stabilization of rivers; urban 
transportation planning and operations; urban and regional land use 
planning; extraterrestrial surveying and mapping; oceanographic and 
hydrographic surveying and charting; hydro power project planning and 
design; environmental effects of power projects; pipeline planning and 
location; project planning and formulation for irrigation and drainage 
systems; surface v/ater supply and hydrology watershed management; v;eather 
modification; sedimentation and erosion of rivers, waterways and reservoirs; 
tidal hydraulics; highway planning and location; engineering geology; soil 
surveys; rock mechanics; urban runoff; water pollution control planning; 
environmental quality management; agricultural waste management; non point 
waste sources; atmospheric pollution; environmental concerns of construction; 
planning and location of offshore and onshore airports and environmental impact 
analysis. 

Civil engineers are traditionally involved in the planning-, design, 
construction, operation and maintenance of projects that provide a useful 
service to mankind over an extended period of time. Project concepts are 
often based on an understanding of natural forces and systems, historic 
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records of natural events and changes that are occurring on the surface 
of the earth. Space derived data presents the ability to obtain such 
information and understanding that could not previously be achieved. 

Data obtained through the LANDSAT Program demonstrates the capability of 
advanced types of remote sensing devices to produce not only the 
comprehensive data base needed for monitoring and management of our resources 
and environment, but also specialized data needed for solving specific 
localized problems. In order to estimate future changes or events, many 
project designs are based upon historic records and the longer the period 
of continuous LANDSAT imagery available the more valuable these data become. 

The civil engineering community is just beginning to realize the Tull 
potential of this nev/ technology. Spectral and spacial resolutions have 
been the major limitations of LANDSAT imagery to civil engineering 
application; however, the proposed LANDSAT follow-on program with improved 
sensors should overcome many of these limitations. 

The TCAS was fonned in 1971 with the following objectives; to stimulate 
the interest of Civil Engineers employed in aerospace activity in ASCE; 
to coordinate aerospace related activities of the several divisions and 
enhance the participation of Civil Engineers in these activities; to 
coordinate the activities of ASCE with other aerospace-oriented agencies 
and professional organizations; and to review and respond to proposed 
aerospace related legislation affecting' Civil Engineers. Interest in the 
Council's activities has increased considerably since it was formed and 
the Council will become a Division in October, 1976. The Aerospace 
Division will be one of 17 technical divisions in the 70,840 member ASCE 
organization- 

In consideration of the high potential foreseen for this program, 
the Technical Council on Aerospace of the American Society of Civil 
Engineers fully supports the LANDSAT program and recommends that the 
program be continued. 

Respectfully submitted 
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on 

Contacts with AS CE .Committees Concerning 
Aerospace Related Applications in Civil Engineering 

by 

Interdi-vision and Interdisciplinary Coordination Committee 

INTRODUCTION 


To obtain information on potential applications of aerospace tech- 
nology in Civil Engineering, the Interdivision and Interdisciplinary 
Coordination Committee of the Technical Council on Aerospace wrote let- 
ters to 53 ASCE Committees. The contact letter included three questions 
on aerospace technology applications and are tabulated below: 

1. Does your committee think that remote sensing or other aerospace 
related technology have potential application in your technical 
area and if so, what application_s_do you consider the most pro- 
mising? 

2. Do you know of any problems in your professional area currently 
being solved utilizing aerospace related technology? If so, 
could you provide the name of an ASCE member that we could con- 
tact for additional information? 

3. Is your committee planning any technical programs where remote 
sensing or other aerospace related applications might be in- 
cluded as a part of the program? 


RESULTS 


About 55 percent of the committees contacted responded to the let- 
ter. The results are tabulated in Table 1. Twenty-six out of thirty 
ASCE committees that replied reflected a strong interest in aerospace related 
technology by listing potential applications in. their technical areas. About 
half of those responding knew of problems which are currently being solved 
utilizing aerospace related technology. In reply to question 3, about 



Table 1. Summary of Conmittee Response 



RESPONDING COMMITTEE 

1 

QUESTIONS^ 

Response 

2 

3 

1. 

Envir. Effects of Pov/er Projects 

+ 

+ 


2_. 

Hydro Power Planning and Design 

+ 

0 

0 

3. 

Planning and Economics 

- 


- 

4. 

Engineering Geology 

+ 

+ 

0 

5. 

Envir. Concerns in Geotech. Engr. 

+ 


+ 

6. 

Extraterrestrial Sur. and Map. 

+ 

+ 

0 

7. 

Land Use Planning 

+ 

+ 


8. 

Control of Quality in Const, 


+ 

- 

9, 

Exper. Analysis and Instru. 

+ 

- 

- 

10. 

Properties of Materials 

+ 


X 

11. 

Water Resources Systems 

+ 

0 

0 

12. 

Water Resources Program Devel. 

+ 

0 

0 

13. 

WW, Harbors, and Coastal 

+ 

+ 

- 

14. 

Project Formul . Irrig. Drain 

+ 

+ 

- 

15. 

Ag. Waste Management 

+ 

- 


16. 

Weather Modification 

+ 

+ 

- 

17. 

Water Resources Planning 

+ 


- 

18. 

Envir. Aspects of Urban Trans. 

-I- 

1 

- 


19. 

Water Pollution Control Plan 

+ 

0 

- 

20. 

Water Resources Operations 

+ 

0 

0 

21. 

Urban Trans. Facilities 

+ 

+ 

- 

22. 

Embankment Dams and Slopes 

+ 

0 

- 

23. 

Pipeline Planning 

+ 

- 

- 

24. 

Cartographic Surveying 

+ 

+ 

0 

25. 

Ocean & Hydro. Survey & Chart. 

+ 

+ 

- 

26. 

Watershed Management 

+ 

+ 

+ 

27. 

I & D Surface Water 

+ 

■f 

+ 

28. 

Research Council on Performance Struc. 

0 

0 

0 

29. 

Joint Committee on Tall Bldgs. 

- 

+ 

- 

30. 

Urban Water Resources Research 

0 

0 

0 


TOTALS 

2(‘) 

26(4*) 

5(-) 

17(+) 

17(-) 

4(+) 

“ Code used: + positive response 

- negative response 
0 neutral response 

2(0) 

8(0) 

9(0) 



To percent of the committees felt that the topic of aerospace related 
applications could be included as part of their future technical programs. 

A brief summary of the potential application listed in the response 
to question 1 follows: 

A. Surveying and Mapping 

1. New systems for cartographic surveying. 

2 . Surveying and mapping applications can be applied in topographic 
and thematic mapping, resources inventory, geodetic positioning, 
land use classification and monitoring, satellite geodesy, and 
mapping of other planets. 

B. Geotechnical 

1. ’Terrain analysis, soils identification and construction materials 

location. 

2. Identification of geological structural features that will affect 
the foundations of large structures and groundwater flow. 

3. Soil property data acquisition from avr-dropped, remote recording 
penetrometers or other projectiles. 

4. Detection of geotechnical hazards such as faults and landslides. 

5. Monitor stresses in existing pipelines crossing fault lines to 
forecast earthquakes. 

C. Ocean and Coastal 

1. Satellite positioning at sea. 

2. Delineation of tidal datum boundaries. 

3. Wet lands identification and mapping. 

4. Measuring water currents . 

5. Identification of internal wave^ in the ocean. 

6. Wave patterns off the coast. 

7. Tracing plumes of eroded material from beaches. 

0. Water Resources 

1. Satellite communication links for data transmission, 

2. Data acquisition for modeling and optimization of water resources 
systems . 

3. Forecast basin water yie.ld and flood flows. 

4. Inventory snow cover and surface v/ater bodies. 

5. Monitor regional and river system floods and inventory flooded 
areas. 

6. Monitor sediment loads in streams. 

7. Evaluation of weather modification activities by remote sensing. 

8. Inventory of resources, 

9. Environmental data acquisition in project formulation for irrigati 
and drainage systems. 

10. Monitor water deficiencies in crops. 



E. Environmental Quality 

1. Monitor point' discharges of contamination and determine optimum 
discharge points for water pollution management studies. Monitor 
thermal patterns and conduct thermal pollution studies for power 
plants. 

2. Monitor feed lot runoff and agricultural non-point sources. 

3. Assessing environmental impact. 

4. Inventorying and monitoring natural and man induced environmental 
alterations . 

5. Monitor air pollution. 

F. Transportation, Power Plants and Pipelines 

1. Pipeline route selection and pipeline leak monitoring. 

2. Transmission line corridor routing and power plant siting studies 
by providing information on land use, terrain analysis, vegetation, 
soils and other natural features. 

3. Urban transportation studies including inventory of existing parking 
facilities, usage studies of parking facilities, inventory of 

street systems, usage studies of street systems and land use inventory. 


In response to question 2, the following list of ASCE members were suggested 


as follow-up contacts: 

NAME 

1. Roy Hunt, Ward and Assocs. 

2. Robert 8. McEwen, U.S.G.S. 

3. Charles K. Paul, J.P.L. 

4. W.V. Hull , N.O.S-. 

5. Hellmut H. Schmid, N.O.S. 

6. Merritt J. Bender, N.A.S.A. 

7. Donald Stafford, Clemson U. 

8. Mel Martin, Corps of Engineers 
9-. Hs.iang Wang, U. of Delaware 

10. Thorndike Salville, Jr., Corps 

11. Rudy Savage, Corps of Engineers 

12. George Watts, Corps of Engineers 

13. Perry Davison, Federal Highway 

14. R.O. Hoffman, U. of Neb. 

15. D.L. Edwards, U. of Neb. 

16. C.C. Euckes , Nat. Resour, of Neb. 

17. Frank Haws, Utah State U. 

18. Bob Hill, Utah State U. 

19. Dick Paulson, U.S.G.S. 

20. Bill Burkart, N.C.E.L. 


COMMITTEE MAKING RECOMMENDATION 

Environmental Concerns of Geotechnic 
Engineering 

Extraterrestrial Surveying and 
Mapping 

Extraterrestri al Surveying and 
Mapping 

Oceanographic and Hydrographic 
Surveying and Charting 
Extraterrestrial Surveying and 
Mapping 

Extraterrestrial Surveying and 
Mapping 

Land Use Planning 
Quality Control of Construction 
Properties of Materials 
Coastal Engineering 
Coastal Engineering 
Coastal Engineering 
Urban Transportation Facilities 
Irrigation and Drainage Surface Wate 
Irrigation and Drainage Surface Wate 
Irrigation and Drainage Surface Wate 
Irrigation and Drainage Surface Wate 
Irri.gation and Drainage Surface Wate 
Irrigation and Drainage Surface Wate 
Joint Committee on Tall Buildings 


For addresses and phone numbers the reader is referred to the AScC Oi ' 



DISCUSSION 


The Surveying and Mapping profession has been actively involved in 
aerospace technology ever since the first U.S. satellite was launched. 
Photogrammetry is the classic and well -developed example of remote sens- 
ing. Generally speaking there, are the following major areas of applica- 
tion in surveying and mapping; topographic and thematic mapping resources 
inventory, land use classification, satellite geodesy and mapping of other 
planets such as the moon, Mars and Venus. Space programs which have ac- 
quired data by several sensors has provided information on a research basis 
to Civil Engineers and others engaged in mapping. 

Low level aerial photography has application in the planning and design 
of transportation and particularly parking facilities in the following 
areas: (a) inventory of existing parking facilities, (b) usage studies 

of parking facilities, (c) inventory of street systems, usage studies of 
the street systems- and (d) land use inventory. These techniques appear to 
have particular application in smaller metropolitan areas which do not have 
extensive multilevel parking or office buildings. 

Several promising applications in geotechnical engineering include 
terrain analysis for site development, landform analysis , identification 
and delineation of surficial soil types, and detection of geotechnical 
hazards such as sinkholes and solution channels, seepage zone's, faults, 
and landslides. Soil property data can be acquired from air-dropped 
remote-recording, penetroreters or other projectiles. 

Remote sensing has the capability of providing aerial coverage of a 
wide area on a timely basis at a relatively low cost. It offers several 
applications in electric power transmission line corridor routing, pipe- 
line planning, and power plant siting studies. Color, color infrared, 
black and white infrared, .and black and white photography can be utilized 
for classification of existing land use, terrain analysis, vegetation in- 
ventory, soil surveys and the analysis of other natural features. It was 
also suggested that ERTS color composites can be used in the initial stages 
of power plant site selection to provide coverage of a large search area. 
After the plant is in operation remote sensing can be used to monitor air- 
borne waste discharges from the stacks and thermal discharges into receiving 
waters such as rivers, lakes and estuaries. The data thus obtained can 
help improve mathematical modeling resulting in more accurate predictions 
of future discharges. 

Remote sensing and other aerospace related techniques have a great 
potential and to some extent have been used in the field of water re- 
sources planning and management. The Water Resources Systems Committee 
has identified that data availability may be a limiting factor in the 
use of water resources systems techniques including modeling and opti- 
mization. Remote sensing may be able to provide the additional data 
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needed for these complex models. Project formulation for irrigation and 
drainage systems require topographic and soil maps at various scales 
which have been compiled with the aid of aerial photography. ERTS imagery 
is currently being utilized to inventory irrigation in Nebraska, Watershed 
management requires inventory of vegetation, geologic resources, snov/ cover 
flooded areas, and surface water bodies. Along with this is also the moni- 
toring of land use changes winch occur in the watershed. 

Potential application of reservoir-projects include reservoir sediment 
surveys, determination of groundwater seepage from reservoirs, matenals 
survey for construction materials, studies of wave action to determine the 
effects of Weather conditions and reservoir geometry, monitoring of water- 
sheds for advanced forecasting of river floods and water flows, and identi- 
fication of slide areas in reservoirs. 

It was the feeling of several committees that remote sensing has a 
tremendous potential in many environmental activities. Aerial photo- 
graphy is a valuable tool in water pollution control activities such as 
monitoring the ambient environment for unknown accidental spillage or 
illegal point source discharges. Water pollution control planning acti- 
vities could benefit greatly in the context of better determination of_ 
optimum discharge points, assessing environmental impact from the physical, 
chemical and biological standpoint and inventorying natural and man' induced 
environmental alterations. In project planning phase planning, remote 
sensing techniques are used to obtain environmental data for consideration 
in project development. Data communication links provided by satellites 
will become important for transmitting large volumes of environmental data. 

There are many tried and potential usages of remote sensing in ocean- 
ography such as identifying flow patterns, delineation of tidal datum plane 
boundaries, wetlands identification, internal waves identification by ERTS 
imagery, satellite positioning and coastal erosion studies. In general a 
major problem is to extropolate from almost an instant in time to a general 
ized understanding of the system. 

A single ERTS frame has an areal coverage approximately square 100 
miles on each side. The spatial resolution is approximately one acre. 

ERTS imagery has been precision-processed to national map accuracy of 
1:250,000 scale maps. One chairman stated that the satellite ERTS is 
a technology looking for a home and that the major limitation in utili- 
zation of ERTS imagery -is the resolution. Another chairman reported that 
the two limiting factors- in the utilization of aerospace technology which 
must be addressed are dollar limitations and the transfer of technology 
on uses and applications. 



CONCLUSIONS 


Civil Engineers are strongly interested in aerospace related tech- 
nolo_gy that has potential application in their field. Most Civil Engin- 
eers responding to the questionnaire v;ere av/are of potential applications 
of remote sensing to their field but in general v/ere not aware of other 
aerospace related technology that might have application in their field. 

It appears that the utilization of aerospace technology in Civil Engin- 
eering other than remote sensing is being restricted by poor communication 
between disciplines. 


RECOMMENDATION 


In order to advance the transfer of aerospace technology to Civil 
Engineering, it is recommended IICC develop service reports to other 
ASCE divisions on selected areas of aerospace technology which appears 
to have potential application such as: 

1. Application of program management as developed by aerospace 
industry to Civil Engineering construction. Coordinate this 
activity with the Construction Division. 

2. Application of stress analysis computer programs developed for 
aerospace industry to structural analysis for Civil Engineers. 
Coordinate this activity with the Technical Council on Computer 
Practices and Structural Division. 

3. Application of data collection, transmission and processing 
technology to Water Resources and Environmental Engineering. 
Coordinate this activity with Water Resources Council and 
Environmental Engineering Division. 


Respectfully Submitted, 
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W. David Carrier, III, Member 






E.G, Anderson, Member 


Allen F. Flanders, Member 
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Wesley P. Oames, Contact Member 
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EXP-NS-761/11 
November 10, 1976 



Dr. Martin Swetnick 
Headquarters, Code ERR 
National Aeronautics and 
Space Administration 
Washington, D. C. 20545 

Dear Dr. Swetnick: 

As you are aware, BP Alaska Exploration Inc. (BPAE) is an 
original participant in the recently completed Alaska Oil and 
Gas Association (AOGA) Arctic Research Subcommittee project #26, 
"Sea ice conditions in the Beaufort Sea derived from four years 
of Landsat satellite data. " This study was carried out by En- 
vironmental Research and Technology, Inc. (ERT) from their Con- 
cord, Massachusetts, office. Jim Barnes of ERT has already 
written to you (28 September 1976) oultining the scope of the 
study. I understand that more specific information on how indus- 
try uses sea-ice satellite data would be helpful to your office 
for planning on-going and future satellite programmes. Some 
present and possible future BPAE uses for such data are outlined 
below. 

My own responsibility within BPAE is to define methods for, 
and estimate the cost of, oil and gas exploration and production 
operations in prospeotive U.S. offshore areas. In the Arctic 
and Bering Sea, this effort also requires original engineering 
research and a detailed understanding of the operating environ- 
ment. Satellite imagery is particularly useful in this respect, 
notwithstanding known limitations of the present systems with 
regard to continuity of coverage, lack of visibility at night 
and through fog and. cloud, and degree of definition. 

Even a brief reference to the Proceedings of the Arctic 
Institute of North America Symposium on Beaufort Sea Coast and 
Shelf Research (1974) establishes how fundamental satellite 
imagery has been in determining present engineering understanding 
of the Arctic offshore environment. Some particularly relevant 
papers presented at this symposium include: 


"Morphology of the Beaufort Sea Shorefast ice" by 
W. J. Stringer, Geophysical Institute, University 
of Alaska. 
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"Ice forecasting in the Beaufort Sea" by William S. 
Dehn, Sea Ice Corporation, Md. 

"Potential use of satellite infrared data for ice 
thickness mapping" by Leonard A. LeSchack, Develop- 
ment and Resources Transportation Company, Md. 

"Analysis of shear zone ice deformation in the Beau- 
fort Sea using satellite imagery" by W. D. Hibler 
et al. of CRREL. 

"Sea ice as a geologic agent on the Beaufort Sea 
Shelf of Alaska" by Erk Reimnitz and Peter Barnes, 
USGS, Menlo Park, Ca. 


Perhaps because Menlo Park is so close to BPAE's own San 
Francisco office, I have had several discussions with Reimnitz 
and Barnes on their Beaufort Sea work. Their ongoing use of 
satellite imagery is a typical example of the direct benefit to 
industry of the Landsat and other programmes. 

AOGA project #26 was initiated to codify available satellite 
sea-ice data into the most suiuable form for industry to use dur- 
ing pre- lease sale evaluation and preliminary planning of offshore 
operations in the area of the upcoming State/Federal lease sale 
between the Colville and Canning Rivers. The report is well done. 
As a result, BPAE and some other companies have discussed with ERT 
preliminary specifications for a similar effort in the Bering Sea, 
The urgency with which industry continues to treat this area will 
depend upon the revised OCS lease sale schedules which should be 
published shortly. However, consideration of some preliminary 
requirements for this study will show typical uses of satellite 
sea ice data to best advantage. My own comments to Jim Barnes 
on requirements for a Bering Sea study of sea-ice conditions 
based upon satellite data include the following points: 


1, Present published data have concentrated on mapping 
sea-ice conditions in the Bering/Chukchi seas from 
the requirements of marine navigation. 

2. The Arctec study, "Feasibility study of Bering/ 
Chiikchi Seas production and marine transportation 
system" (AOGA project #25 for which ERT analyzed 
the satellite imagery) improves upon published data 
with regard to extent of ice coverage, but concen- 
trates upon the operation of crude oil tankers on 

a year-round basis and optimum siting of possible 
terminal locations. 



3. There are no adequate data available on ice condi- 
tions , ice features , and general ice movement over 
the whole area which can be used for preliminary 
evaluation of the type of development facilities 
which will be required offshore, and for outline 
design and costing of fixed production platforms, 
etc. This is the specific data gap the (proposed ) 
study should fill . 

4. The study should cover all prospective OCS sale 
areas in the Bering/Chukchi Sea. The St. Georges 
Basin should be included despite Marathon's pro- 
posal for a satellite interpretation programme 
aimed specifically at this location. The ERT 
study should be comprehensive and definitive for 
the whole Bering Sea. 

5. Specific questions to which answers should be 
obtained include: 


a. In which areas is the ice comparatively sta- 
tionary, and in which areas is significant 
motion observed from time to time? 

b. In which areas is the ice sheet comparatively 
undeformed; where do significant ice features 
occur, what are these, how do they move? 

c. Specific imagery and consideration of the edge 
(10 to 20-mile band) of the ice sheet as it 
advances and retreats seasonally. This is 
required, as a basis for further study to de- 
termine the possible effects of ice floes im- 
pacting under storm conditions with fixed 
platform structures, and to evolve most suit- 
able fixed platform designs and protective 
measures . In the end , the data on average 
and extreme edges of the ice sheet will be 
related to expected wave height occurrences 

on a month-by-month basis from October 
through May, although this is well beyond 
the scope of the present study. It may prove 
necessary to adjust the distance from the ice 
edge considered, as this will be a function 
of the different wave height dampening effects 
of different degrees of ice coverage. In view 
of the lov7 degree of definition available from 
satellite imagery (based upon AOGA project #26, 
500 m seems to represent the lower limit of 
positively identifiable floes considering the 
resolution capabilities of the Landsat MSS 
sensor) , a follow on project using U2 (if 
available) or other photographic data may also 
be required. 
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d. Inasfar as it is essential to an understanding 
of the whole seasonal process, and compliments 
such work as the proposed University of Alaska 
radar ice movement station in the Bering 
Straight, how does the ice move and deform 

in the immediate Bering Straight area? 

e. One important consideration might be to con- 
sider changes in ice conditions, ice movement, 
etc., in each prospective area on a seasonal 
basis. 

f. Any easy observations which can be made relat- 
ing ice movements, ice coverage, etc., to 
currents, winds, and sea conditions occurring 
at the times of observation; also to the pre- 
dominant V7ind/current conditions and signifi- 
cant deviations from the same. 


Summarizing the general pre- lease sale requirement, as indus- 
try considers each new Arctic area, analysis of sea ice conditions 
using satellite imagery will be required. More detailed photo- 
graphic studies (such as the U2 flights over Prudhoe Bay) will 
follow, as these give better definition of small ice floes and 
features. Low altitude photographic and on ice surveys are needed 
for final local control. With ongoing development of the U.S. oil 
industry's Arctic offshore engineering capability over the next 
few years, satellite imagery V7ith only limited local control will 
more and more become sufficient for pre-lease evaluation of Arctic 
offshore areas. 

In this respect, you v7ill already be aware that the Univeisi- 
ty of Alaska and BLM/NOAA Alaska Outer Continental Shelf Environ- 
mental Assessment Program (OCSEAP) both have ongoing and proposed 
studies V7hich use sea-ice data obtained from satellite imagery. 
These include: 


"Study of climatic effects on fast ice extent and 
its seasonal decay along the Beaufort Sea coast," 
Roger G. Barry, University of Colorado, OCSEAP 
research unit #244. 

"Morphology of Bering near shore ice conditions by 
means of satellite and aerial remote sensing," 

W. J. Stringer, University of Alaska. OCSEAP 
res arch unit #257. 
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"Operation of an Alaskan facility for application 
of remote- sensing data to OCS studies," Albert E. 
Belon, University of Alaska. OCSEAP research 
unit #267. 


In addition, William Stringer has carried out useful work on syn- 
optic morphology and dynamics of shorefast ice in the Beaufort 
Sea? and Gerd Wendler, also of the University of Alaska, has in- 
vestigated causes of unusual sea-ice conditions in the Beaufort 
Sea during summer 1975. This is particularly interesting as 
Wendler relates synoptic meteorological data to sea-ice condi- 
tions off the North Slope. If Wendler develops his work further, 
to forecast movement of the edge of the pack ice during the sum- 
mer open v;ater season several days in advance, such a combined 
use of meteorological and satellite data will be extremely useful 
to industry when offshore exploration and construction operations 
start in the Alaskan Beaufort Sea. The development and optimum 
use of such a forecasting model will require the ability to read 
future Landsat imagery in near real time. Additional uses of 
satellite observations during Arctic offshore operations, for 
instance for optimum routing of barge convoys, or when operating 
dredges or other floating equipment beyond the barrier islands 
during the summer open v/ater season, are likely to remain limited 
until more continuous satellite coverage is available on a real 
time basis. The cost-effectiveness of providing such service, 
compared with the present system of observations from spotter air- 
craft, will require careful evaluation. 

The two principal limitations of present satellite data for 
my own requirements are lack of resolution and lack of winter 
observations. It appears difficult to determine size and distri- 
bution of floes smaller than 500 m across. More detail may not 
be required in the Alaskan Beaufort Sea where movement and defor- 
mations of solid sheet ice, pressure ridges, etc., present the 
worst offshore design conditions. For the Bering Sea a distribu- 
tion analysis of the sizes down to 10 m will finally be needed 
to establish limiting operating conditions at the edge of the 
pack for floating exploration rigs, and to determine fixed off- 
shore platform design criteria in areas of open pack ice. It is 
also difficult to build up a complete picture of sea-ice condi- 
tions with the present gap in Landsat imagery from early October 
through early April due to darkness. Particularly in nearshore 
Arctic areas, ice movement could be at a maximxim during this 
winter period. Lack of winter observations may also limit the 
overall usefulness of satellite imagery in some Bering Sea areas. 

I hope the above explanations are helpful and explain in 
greater detail some present industry uses of sea-ice data ob- 
tained from satellite imagery. Such uses, both in the pre-lease 
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sale phase and v?hen projected into possible future operational 
requirements, are perhaps most analogous to the established 
engineering and meteorological need for synoptic weather charts. 
Both give general situations over large areas; both are neces- 
sary for a proper understanding and interpretation of local con- 
ditions; both are obtained directly from broadly based environ- 
mental data gathering programmes funded by the Federal Government. 

My direct telephone line in San Francisco is (415) 445-9524. 

I shall be happy to answer any further questions you may have or 
discuss items of particular interest in greater detail. 

Yours sincerely, 

Cyril E. Arney 

CEA/ep 

cc: J. Barnes ERT 

AOGA project #26 participants 
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?Os ED/Deputy A'ssocinte Administrator for Applications 

ERE/Deputy Director, Earth Observations ProgxaRS 

PROH: Ki??-/r)r. Charles I'. Paul 


SUBJECTS Litiiitsr.1 and tlie Significance of the Landsat—Contributed 
Discovery at Salar De Uyaai, Bolivia 

REPs (i) liithiuin Resources and Reguiroraents by the 

Year conforence sponsored by the US 

Geolog'ioai Survey bitljiira BjODloration Sroup, 

January 22-24, 1976, Greeji Center Auditoriun, 

Colorado School of Mines, Golden, Corlorado 

(2) Carter, W. D., Kowalik, VJ, S., and Broc>troann, C, , 
"’tapping Andean Salar Deposits by Landsat Hadianco 
Values," paper presented at tho XIX Plenary Heating 
of COSP/iR, Philadelphia, Ph, June 3-19, 1976 

(3) Telephone conversations with Doug Carter of USGS 

LHCL; (1) Colored Processed Landsat Product 

(2) Coiox* Table for Landsat Product 

(3) xieflectance Curves of fXarar Classes 

(4) Lithium - Nature* s Ligtitest Metal , US 
Dejiartner.t of tiie int^ior Geological Survey 
I:5P-75-27 


Significance of Prospective Andean Salar Lithiun Finds 

The most important present sources of litiiima arc the 
Tin-Spodusaoiie Belt, dorth Caroliiia; Clayton Valley, ITevadaj 
3ikita Tinfiolds, Rhodesia; Praissac-Jaacorne District, Quebec; 
bernic Lake District, Manitoba; Great Salt Lake, Utah; 

Salar De Atacama, Chile; and, Ifanono-Ritotolo District, Zaire* 
Janes Vine of the USGS, Denver, claims that in the future, 
the best chance of finding new de]x>sits of lithium is in 
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association with non-raarirtG salt bodies . Aroas witli borates 
and nitrates (like Saiar be /'.tac'araail presently being worked 
by the multi-national Foote Co. ) in non-narine basins of 
Tefftiary Age contain lithium in clastic rocks, volcanic ashes, 
clays, and nagnesium-rich carbonate rocks. Once dissolved 
in tliesa materials, litJilvsn tends to remain in solution in 
residijal brines, even after evaporative concentration and 
precipitation of the salts of sodiuin, potassivcn, and isagnesiura. 
Brines associated with these evaporative miiierals may contain 
as much as 1,000 times more lithiuci than sea water, 

lienee, tlie present interest in the Central Andean L'alars as 
possible new sources of lithium, Ceorge Erickson of the 
uses has begun to concentrate his lithium exploration 
efforts in the salars and nitrate deposits of northern 
Chile, western Bolivia, and northwest Argentina, To provide 
you a perspective of lithium concentrations vrirLch are 
economical to mine, most nitrate ores generally contain 2C— 50 
mg/liter of lithium, most Cliile Andean salars contain 200 mg/1 
lithium, and the fatious Saiar De Atacama contains brine 
leaving up to 1,000 mg/1 of lithium. Thus, for several years, 
geologists have been eyeing the brines of the Salar De Uyuni 
in Bolivia, This Salar is big, vehicle access is difficult, 
and the nationalised mining interests in Bolivia have all 
discouraged adequate exploi'ation of Uyuni, Tlie only active 
mining presently in the area is hand shoveling for salt 
near Colchani, In the past, silver ores have been processed 
at Uyuni, The samples taken from Uymii as a result of the 
Landsat analysis are startlingly revealing lithiim concentra- 
tions ranging from 600 to 2,300 mg/1. 

The Landsat Contribution 


In recent years, Bruce Smith and Don Z'^aboy of tlie USCS in 
Denver have been exploiting gravity and oloctrical surveys 
and geophysical, seismic, and remote sensing techniques for 
the exploration of lithium, Doug Carter made tiie major 
breakthrough in directing ground surveys for lithium in 
Uyuni after Imago 100 analysis of Landsat CCT*s of tho white 
salt structures which generally saturate tho Landsat images. 
The results of the analysis is the Landsat processed scene 
(Enclosure 1) and its color code table (Kneiosure 2), A 
supervised cluster analysis of Landsat CCT's based on the 
reflectance classes (Enclosure 3) provided the reflectance 
classes shown in Enclosure 1, These classes, by the way. 
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have been aho\m to correspond v/ith previously mapped surface 
units from aerial photography and correlative field data from 
Uyuni, Landoat analysis \ras generally significant in breaking 
out, for a largo area, the water, salt brine, tand dry salt 
themes for falar Do Uyuni, Doug feels that soine of the 
nore subtle color diffarcnccs {not classified in Fnclosure 1, 
but existing in the Landsat digital data) may be due to 
surface roughness characteristics caused by dry, salt beds 
and tineir associated uniform linear fracture patterns with 
inlaid salt ridges. The regional checkerJx^ard fractures 
and ridges vary sufficiently to have been felt by Doug as his 
ground vehicle v;ont from one fracture pattern to anotiicr, 

Doug and his crew visited Salar De Uyuni in late April 1?7(>. 
T^'/en ty-»tvro samples wore taken at 10 km intojrvals along a 
13U km line westward from the tovra of colchani across tlio 
Salar. The upper 10 cm of salt surface w4i?fcollected at 
each site and two surface water saitwlos were taken wiiere 
available, Chemical analyses of these samples sho'w very 
)xigh concentrations of both lithium an-1 .potassiura, as 
naiitionod above for the lithiun concentrations. As a result, 
the Bolivian governnent announced the finding of lithium in 
Saiar De Uyuui on July 1C, 1976, Doug is returning to 
Uyuni vrith tv/o of his geologists this Ropterber to locate 
more brine deposits for ground seiEpling, Ke plans this 
year to continue analysing Landsat scenes at various seasons 
ho identify salar brines in depressions where the water cover 
varies from 0 to 70% (depending on the season) • he hopes to 
find correlations betv/aen very su);>tle contrast differences on 
t!ie Landsat scenes and lithium conceixtrations in tiie brines. 

Lithium as a lUssource 


The United States exports 24% of— its total litfiium production, 
Ue are tlie largest producer of lithium in tlie world, and 
WG exceeded Russia in total production of tliis resource for 
the last three years. Only three US companies oroduce 
primary litliium products. The total US annual production 
capacity is 5,000 tons of contained lithium, over 70% of 
the world total of S,900 tons. 


Although glo]?al consun^tion is not expected to catch up with 
.productioii of lithium for twenty years, tixere are tv?o future 
tecnnologios wliicli consur^e litJiium at rates v/hich concern 
geologists and v.»hic3i will begin to seriously deplete global 
lithium resources by the turn of tlie century. These tech- 
nologies are the iithium-alurainum/iron sulfide battory and 
the fusion power reactor. 
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LitUiuia batteries are presently uiider developnent at tJio 
Argonne National Laboratory, Their application for the 
electric utility industry is off peak-load electrical storage, 
and for the private consuraer tJie electric vehicle. The 
battery is eigpected to come into comercial use around 19 8S, 
ky the year 2,000, 30% of US electric consuaption is expected 
to be supplied by off peak energy storage batteries. 

Eighteen million electric veiiicles are projected so that 
by the year 2,000, the lithium denai^d v;ill catch up to the 
present estimate of reserves. 

The fusion reactor ernploys a reaction between deuterium and 
tritium. Deuterium is obtained in large quantities from 
V7ater> trititira, however, is not an abundant isotope of 
hydrogen. Thus, tritium is produced by fusion neutrons 
bombarding lithium. The first demons tratio 2 i of the fusion 
reactor is planned for 1997—1993, commercial production is 
plajmed for 2007-2003, 

If these toro technologies develop as planned, the importance 
of discovoring nw lithium sources camiot be overstated and 
the capability of Lajidsat to locate brines in salt flats 
indicative of high concentrations of lithiun' has been 
demonstrated in the Salar De Ayuni, If the USOS can quanti- 
tatively make positive correlations between Landsat spectrsl 
differences and lithium concentrations in brines, they will 
3aave made a f anclamental contribution to new future energy 
source identification and a significant verification of 
satellite remote sensing capability to locate these sources. 
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the desert; sands .from outer/ ;th^ south.;' i } i . , * -'p-> 
;spacei:^-AiEOTcan ;;sat^tes>;s>' - Shots- shbwed''tlnrec’$MVi5r 
bave reveled the c^stence' 2 ':enE pejj^-' 

or water,, oil uramunv;and :• leum, and' natural .gas;, he '■ 
_pther minerals in the Egyp-r-arf^p^j . -■ 

,tian= Sahara.- and the Sinai'.. ‘ ,. V' -i-uJ 

•Peninsula^ an. Egyptian 

entist':says: 4 .i;.,, .-..R,,. =.'‘:'S /tlSuez.-iwhich.. .already has 


Ahmed=.AhdeLHady said -yP^ven oil rese^es-.The sec,-- 
pho'togi-aphs-^takem -hy the - • -MeditOTanean- j 

ERTSlr-McT'Lahdsat (satei- ' 

litestacfr Still being analyzed - 
but preliminary indications 
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: offshore area, in northern Si- 
*nar>hi^has not yet been* 

' explored^ and the third is a^| 
show enough water, in the . large mea in southern Sinai 
SiharDes^-td'tu^ mo^^^ • - sedimentary: 

of it /green^Most' c£ .the^Si: 


rocks ^carrying natural gas^ 
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tific charge of. .* potentialr-'/*eTiough * to turn * 

• Rem6fe2-S;ensing:^,Proj^ 1 



In^additioa to the* desert 
potential>:.Abdel Hady/said- 
in an ^interview, previously 
unnoticed fertile areas near 
the^'Nile.', Valley could pro- 
vide food "for thousands of 
Egyptians: > - 

Oklahoma State ' Univer- 
sity and the University of 
Michigan, * in cooperation 
with the Egyptian govern- 
ment, have a budget of $E2 
•'million annually for study' 
of_the untapped resources, 
Ab^el Hady added. ’ ‘ 

\ /'Six. images from ERTS-1* 
last year showed that the Si-, 
nai Peninsula has huge 


Egypt wheri it negotiates/he 
•next rsraeir:puHout?v-;^;^^l V; 

Uraniunr "/also < - waV^3^ ■; 
tected northwest Sid : 
southern Sinai, said'Abdelr*^ 
Hady ^ cV 

W est cehtral Sinai;: at^ 
--Wadi Korbra;» contains > 
huge quantities' of silica that 
could lead to a glass Indus-: 
try, hq- said. ^ \ 

Satellite ’ -images also"* 
showed significant ' food-- 
growing potential in- a- 2,500;> 
square-mile area adjacent fb** 

• the Nile basim* 

Satellite images also were 


used to study a huge hydroe-- . 

water,., oil and mineral ^re- ‘lectric project* proposed in: 
sources,’" Abdel Hady said..- the Quattara ‘Depression in : 
^\Ve photographed some the desert west* of, the Nlief^ 
3,500 square miles in Sinai * Valley: r^J 
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According to a ;5Cionviiic ca<jj- rj^-iiienc for cooperation 
betv/een the B g yptian ACgd eir./ o f : ; ciontiF i c Res tarcli and 
Technology and th e U..'3 . jjati onul McienCv; Foundation and 
Rational Aeronautics and 5jp.jce A.ni.inistr£itiOii (haSa), tlie 
satellite images Prom ImS.A i^anus.-.'P \vere used to nialce it 
possib le for Egypt to dLscovcri- nev areas of iron-ore depo:>ics 
a t th e V/est e rn D esert along t’ne iiale Valley. The areas dis- 
covered are in tlie pi-ovmoes of Fayoam, Beny SweiP and Mojiya, 
at a distance of aoout i Of) l-m froiu the Pile Valley-' 


These deposits will assure large quantities oi ore vitally 
jieeded Por the planned v^apansion of iron and steel production 
in Egypt, especially tliat tiu^so new deposits are the closest ever 
to be located to the Iron and Steel facrory complex in Helvan. 

The techniques used represent some oP the most advanced 
technological de velopments w liere images gathered by modern 
e lectro nic t ec hniq ues fi'om satellites and aircrafts were used. 

Dr. Abdel-Hady, and Dr. 

El-Shazly, Director oi rhij geological group in the project and 
Director of tne CaOlog>' bepu. of Ine A.tomic Energy Establishment 
both emphasized ciio si gaj i- 1 cance oi the discovery on the future 
development of cne th/e-e ;iO>, .^i-nox'ai es of El Fayoum, Beni Sweif and 
Menya, in vlucii tifiei,v .i.-e Located. 
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USE OF LANDSAT IMAGERY BY BECHTEL, INC. FOR ENGINEERING GEOLOGY 
Introduction 

The Geology group of Bechtel has routinely used aerial photography 
in our field investigations since the group started. We began using 
satellite imagery as soon as it was made available to the public, 
and in 1973, our usage increased to the point where it became necessary 
to set up a standing account with EROS Data Center. Since January, 

1974, we have ordered $3,000 worth of imagery through our standing 
account. We order a variety of products from EROS, but the following 
discussion deals only with our usage of ERTS-LANDSAT imagery. 

Applications 

Bechtel's Geology staff provides geological services to the Bechtel 
Group of Companies both in the U.S. and worldwide. We perform 
•engineering geology investigations for a variety of construction 
projects, including nuclear and fossil fuel power plants, dams and hydro- 
electric projects, highways, pipelines, industrial complexes, airports, 
telecommunications projects, mining facilities, etc. 

Depending on the type of project, the geographic area involved ranges 
from a few acres to hundreds of square- miles. Often, it takes only 
one LANDSAT scene to cover a project* area and at other times (particularly 
with pipeline or highway routes} the project may require as many as fifty. 
Since the beginning of 1975, our project work has shifted emphasis from 
domestic areas to foreign countries. This means that LANDSAT imagery has 



become even more vital to us, since LANDSAT imagery is often the only 
type of imagery readily available for a foreign area. 

We still rely on visual interpretation of our satellite imagery. We 
feel that automated enhancement and classification programs are not 
yet cost effective for our geological project work. Remote sensing 
investigations are just one tool that we use in our engineering geology 
investigations, and there isn't justification to spend the money or 
time required by these programs, for just one phase of our work. 

We use LANDSAT imagery in three different ways: for presentation 

purposes, for derivation of data from the images, and for reconnaissance 
work. 

LANDSAT imagery is used often for client presentations and project 
meetings. It seems to impress people and has an immediate impact. 

Mosaics are often constructed (for a multi-image area) and sites are 
labeled on it. It is very useful for orienting people, and in pointing 
out geomorphological features. 

When projects require it, we do lineament studies of LANDSAT imagery, 
that is, we use the imagery to derive geological data. Lineaments 
are objectively located on the imagery, then are compared with topo- 
graphic, geologic, structural and hydrogeologic maps to check for 
correlations with various features. Those lineaments representing 
cultural features are eliminated, and the remaining lineaments are usually 



related to geological features in some way. Lineaments can sometimes 
be the surface manifestation of faults, so suspicious lineaments are 
field checked' whenever possible. Lineament studies are most useful to 
us in analyzing the geologic structure of an area. 

We also use LANDSAT imagery for reconnaissance geologic work. Examining 
LANDSAT imagery in the preliminary stages of a project can help to 
narrow down the field reconnaissance to specific areas, and so saves 
field time. It helps us in locating large outcrops (on a regional 
basis) or at least open terrain. Areas of lineament intersections may 
indicate specific problem areas to be investigated. 

Product Statistics 

The attached table shows the types of products we have ordered since 
1974. 

The 1:500,000 is the most workable scale and is most often used for 
lineament studies. We also use the 1:1,000,000 scale heavily, but this 
is usually when we are working with a mosaic of many LANDSAT images. 

Af first we routinely ordered one scene in each band, but we've found 
over a period of time that bands 4 and 6 were not really that helpful 
to us, and so we currently order bands 5 and 7 only. Our use of color 
has increased, largely due to the increased use of LANDSAT for presenta- 
tion purposes. For derivation of data and geological comparisons, 



b and w bands 5 and 7 are slightly more useful. 


The table also shows the total spent each year on imagery. In the 
first half of this year, we have already spent an amount nearly equal 
to annual expenditures of the previous year. We are ordering more 
imagery and we anticipate this trend to continue. 

Limitations of Data ' 

Unfortunately, LANDSAT imagery cannot be used in direct geological 
mapping. No direct correlation can be made between geological formations 
and tonal signatures on the imagery. Geological features express them- 
selves in a wide range of the electromagnetic spectrum, including the 
thermal infrared and radar bands. The current 0.5 - l.lyxm doesn't 
yield much direct geological information; it is more suited to 
agriculture-forestry applications. 

The resolution of LANDSAT also creates problems for geologists. We 
can only use LANDSAT for regional studies; the 60 km resolution prevents 
us from using it for site-specific geological investigations. 

The lack of stereo creates problems in identifying terrain features, 
and in locating linear features. 

Our Future Needs 

In terms of available coverage, the quantity and quality of coverage 
of foreign areas needs to be increased. Our future work will require 



more extensive studies of foreign areas. 


Also, if turnaround time from EROS Data Center could be improved, 
it would facilitate more efficient use of imagery, and would better 
meet the demands of our often hectic work schedule. 

Suggested Improvements 

Expansion of the spectral sensitivity to include a thermal infrared 
and radar band would increase geologic applications. Also, increased 
resolution in these and existing bands would enable us to use imagery 
in more site-specific investigations. Addition of stereo would make 
it much easier to use LANDSAT for geologic purposes. 



TABLE I 



1974 

1975 

1976 to date 

Total Purchased 

$1 044.00 

$995.00 

$845.00 

SCALES 

# SCENES 

# SCENES 

# SCENES 

1:250,000 

2 

5 

3 

1 : 500, 000 

6T 

26 

20 

1:1,000,000 

3 

80 

T6 

1:3,369,000 

0 

20 

0 


BANDS 


4 

0 

5 

0 

5 

16 

38 

13 

6 

. 13 

31 

1 

7 

36 

37 

10 


Color 


6 


20 


17 
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4 agosto 1976 


Dear Mr. Frutkin, 

as an entity participating in the Landsat programme 
we had opportunities in the past to discuss with you the future of 
the Landsat programme and the importance of providing the community 
of users with a continous flow of satellite data. 

The extensive life of Landsat 1 and 2 and the advan 
ced progress on Landsat C are certainly very encouraging developments 
as they provide a more solid background than originally expected to 
our effort in the earth segment of this experimental programme. 

In our current planning we regard Landsat C as a com 
pletion of the experimental phase when the satellite data have pro - 
ved to be professional tools and moreover models and algorithms have 
been developed for interaction with other sources of data and for fi- 
nal information extraction. 

Then Landsat D, now envisaged for the first half of 
1981, with a higher resolution and an advanced thematic mapper , can 
regarded as the first truly operational satellite. Consequently also 
the work done in the previous phase will have to be up-graded to 
reach an operational level and quality, thus completing the effort of 
all involved. 


This scheme is particularly applicable to the management 
of the renewable resources and mainly to agricolture where the gene- 
ral attention has already focused. 

I thought of sharing these thoughts with you about the 
continuing interest we are placing on Landsat D programme and to confirm 
how much we would appreciate it to be kept abreast with any new deve- 
lopment in the technical and economic definition of it. 

I will be glad to enlarge on this subj ect at the next 
suitable occasion either in Washington or over here. 

Cordially yours. 


(Pietro Masarati) 


Mr. A. Frutkin 
Assistant Administrator 
for International Affairs 
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The World Bank / 1818 H S(rcct, N VV , VVaihmglon. D-.C. 20433, U.S A • Telephone: (202) 3V3-03C.0 • Cablev INI (JArRAD 


Hr. J. ZiP 2 no:man 
Deputy Director 

International Affaire Department 
National Aeronautics and 
Space Administration (NASA) 
V/ashington D.C. 205ii6 


July 19, 1976 
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Dear Jim; 


With the recent publication of the LA.ND'^AT Index A'l'lnn of the Dcv^-1 opi ii'; 
Countii.'^n of the World, which I riSi attaching ,I tliought i 3 (Ould. also bring you 
up-to-dave on some of the major V.’orld Bank activities involving Land cat data. Vho 
Atlas was published by the two Divisions in the Bank, tlio Cartographic iJivicion of 
the Ad" ini strati ve Services Dcpaz'tmcnt and the Economic and Kccourcoc Dlvicloii of 
the Agriculture and Rural Development Department which aro now utiiiaing NASA's 
Imagery on a daily (basis. It will be translated into Fronclz, Spanir:),, Amide nn<i 
D widely distributed overseas to facilitate the user in ordering tapes or ±iii:>i>i ry 
and to help make the developing countries noi'o aware* of exlotin.f; covora*.'*. Al.Uio'i".h 
1,900 copies wore printed only a w'cok ago roquoots for njoro than tlmt amount h/ivo 
already been received and a secoiid prlntJjig has been ordered. Incidentally, a l/nyjo 
portion of the demand orginates from the U.S. Government or International Agencies. 

In addition to the index atlas the final draft manuscript copy of 
of Remote Sonsin" Systems in Developing Projects , a manual, funded by the Dime ten* 
Office, has been completed and should bo ready for publication and distribution with- 
in the next fez; inontlis. 

Xoro specifically, LANDSAT information has be(*n used r-ytoncivoly in agric- 
ultural projects. To cite one case, that of the State of Orissa, India, a lanrj use 
map was ?iade by processing computer tapes of tliirtocn landsat scenes of the wet 
ceasen (NovemJjei' 1975 ) just prior to tlie harvest of the main ri«'o crojis. 'ild n 
im.agorj’ was then compared to the dry season coverage taken pr<wion,‘-ly (uid mtiasurt •uerit;: 
wore made of paddy acreage urner cu?>.tiva-ijon foi* eopiparj sou to agi'i mil tur al r. ii'i iatJcs 
for the region. The investigations are directly related tei i.ho Bank's E/.storn R''’,".lori 
Food Grain Pixjject and results of the analysis will havo a direct bearing on tlio 
emphasis given to convert specific single cropping areas in the Btato to double 
croppirjg as well as to assist in the development of a bettor water nianagcment pro;’,i-:i;n 
for irrigation systems in the delta of the Malianadi River. 

It might be of interest to note that since completion of the land u{,e 
investigations in Orissa, a request has been made by the State to do 'edge onharn-.i vi< nt' 
■ooessing for geologic and hydrologic investigations (also paid for out of nnUoufil 
-unds) which complement the computer categorisation done previously for Ifuid u(;o. 



I'lr. ZiiomeiTTian 
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July 19, 1976 


(a similar request has also been mado that the Uh'DiyBank pix>ject in ilunna bo 

expanded to include such other sectors along wxth the scheduled land use clansiricati oji. 

The cost and time required to moke the Orissa land use map vno approxim airily 
U man-months - including groondtrathing operations* In Bangladoch a similar land um» 
map prepared by the FAO took approximately 330 marwycars for an area of almost 
identical size* VhHo the time difference to make the land use map is most rrmarrabJo 
it should be noted that the eleven year FA0-3anglndosh Land Uro Happing project also 
provided additional detailed soils and land capability data vhixh is not possible 
through landsat imagery analysis* However, in tno case of Bangladesh which had soil/ 
land use maps available for comparison, the land use information was actually mucli 
more detailed and up-to-date on tho sample area done than was the FAO map data. 

Tnusj it becomes evident that not all t^^cs of data can bo obtainod rmn 
but some infoimation con readily be obtained in a fraction of Uio time or costa oi 
doing pure torrostrial survey operations backed by large-scale acz'ial photo covorago. 
Before long the final rendition of tho Orissa wet and dry season izaagery diould bo 
available and a copy of the mosaic will be senx. to you along with infoiraation on 
the crop; statistics on a District by District basis* 

Staff from cover ol Minis trios and tho National Kemoto Sensing AEgency va*-r<i 
xnvolved in doing the land use mapping and field surveys* Preliminary rosults ot 
vhe study indicate that the potexitials of the landsat system have hardly begun to Vjc 
utilized in development operations* 

As a result of the above, India has begun to give serious tUour.ht to 
investment in equipment and processing facilities in this field. Tho Bank Is nlno 
considering supporting an Indian request for tho funding of a receiving /pl^:>ccGsinf; 
station* 


Vith all of these positive developments como a few problems you cliould bo 
aw'are of: Few countid.es indeed have undertaken ^apo analysis or have attempted to 

tie in imagezy to ground surveys* The USAID as well as international af'cncics suc)i 
as the Eank should stress the applications and cost saving aspects far more than 
they have in the past. To train national staff in sophisticated proccsslrjg In tho 
U.S. before they have even attempted to analyze existing inmgny or tapr a 
is largely a waste of funds. The ^trainees* that pix^vo thcmsolvoo in field operation;* 
today should be the ones selected for more sophisticated training tho the U.i^. 
tomorrow and service contracts for processing of imagery by commercial 
full expertise in this highly technical field is fully warranted and can IJll tiui 
gap at this time until the equipment and staff overseas becomes op^raiAoun\. 
cost for the hardvrare and prograiu cost of software, are bo^g modiliod i.uRcally aiUi 
are being reduced in price on almost a monthly basis as this rapidly changing 
technology advances. 

\Mle the India 
-if the utility of Landsat 

^.nclude 1$ scenes to be tape p ^ 

are scheduled to be done for tho Philippines, Thailand, Konya, fanzan^u j.n t io n^ 
future* As these projects unfold I will keep you briefed but I did v/ant to Uikc 
opportunity to bring you up-to-date on the publication of tho index atlas, the manunL 

and the status of the Orissa Project. 




